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INSPIRE 


Get inspired by Celestron! The ultimate telescope for the novice 
to intermediate astronomer, the Inspire range is loaded with 
exciting new features. The innovative lens cap converts to a 
universal smartphone adapter for imaging with your phone. 
The mount has a built in red flashlight to illuminate me 
accessory tray. Conveniently, the flashlight is a ’ 
also easily removable for use independently. 





Available apertures: 7Omm, 80mm and 100mm 
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ASTRO FI. 


Celestron is not only changing the way 

we experience astronomy, but we're also 
changing the way you interact with the night 
sky. The Astro Fi range can be controlled with 
your smart phone or tablet using the free 
Celestron SkyPortal app! It's never been more 
fun to explore the universe! 


Available apertures: 90mm, 102mm and 130mm 


“SkYPORTAL. Citas 


Available from: 


iPAD and iPHONE SHOWN 
NOT INCLUDED. 


F1 Telescopes 01795 432702 
First Light Optics 01392 791000 
Green Witch 01924 477719 / 01767 677025 
Grovers OpticsShop 01609 898098 Astro Fi 130mm Newtonian 
Harrison Telescopes 01322 403407 
Rother Valley Optics 01909 774369 
Sneezums 01284 752 634 
Tring Astronomy Centre 01442 822997 
The Widescreen Centre 020 7935 2580 


Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


Www.celestron.uk.com ~ @David Hinds Ltd 


Celestron®, Inspire™ and Astro Fi™ are registered trademarks or trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone®, iPad® and App Store are registered trademarks of Apple Inc. Google Play is a registered trademark of Google Inc. 
















By the time you 
read this, ESA's 
ExoMars Trace 
Gas Orbiter will 

» have swung into 
. orbit around the 
Red Planet, ready to begin its search 
for signatures of past or present life 
on Mars. The Red Planet has long 
been a world of popular interest, with 
the latest addition joining the likes of 
fellow spacecraft Mars Express and 
the Mars Reconnaissance Orbiter. The 
orbiter, after deploying its Schiaparelli 
lander, will map traces of gaseous 
methane - one of the biosignatures of 


life - across the rusty-coloured terrain. 


This month, All About Space catch 
up with the mission's team members 
to find out how the craft - whose 
companion rover will launch for 
Mars in 2020 - is sure to shake the 
foundations of space exploration like 
never before. 

Speaking of extraterrestrial life, the 


Keep up to date 


www.spaceanswers.com 


former director of the Center for SETI 
Research at the SETI Institute, Jill 
Tarter, reveals what will happen if we 
ever make contact with intelligent life 
forms and why she thinks it's just a 
matter of time until we do. 

Also this issue, we delve into the 
dimensions of the universe. Space 
scientists suspect that there could be 
at least ten to the cosmos and, let me 
tell you, things start to get stranger 
once we go beyond the four confines 
of space and time. Turn to page 16 for 
the full details on how physicists are 
looking beyond what current theories 
tell us about the universe and why 
reality could be stranger than we 
initially thought. 

I'll see you again on 10 November. 


Cela 


Gemma Lavender 
Editor 


4™, Online 


© WWW.Spaceanhswers.com 


= =e 


—_ 
— 


\ Welcome to issue 57! | contributors 


Giles Sparrow 
a! Can you imagine a universe 
. , madeupofatleast ten 
dimensions? Giles speaks to the 
4 physicists that think there are 
A much more than four sides to 
the cosmos in which we live. 








Jonathan O'Callaghan 

With ExoMars in the early 
Stages of searching for Martian 
life, Jonathan discovers when 
and how we'll get the first 
results from the ESA mission. 





Kulvinder Singh Chadha 

The International Space 
Station could be replaced by a 
space mushroom, capable of 
creating artificial gravity. Turn 
to page 40 for Kulvinder’s full 
report on the all-new space habitat. 





Nick Howes 

Nick chats with Apollo 15's Al 
Worden about his mission to 
the Moon and why he thinks 
there is no need to go back to 
the lunar surface. 
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ExoMars starts its 
search for life on 
Mars this October 


“The extra 
dimensions 
can play an 
important 
role in 
the early 
universe and 
leave traces 
that we can 
detect” 


Matt Kleban, associate 
professor of physics at 
New York University 
[page 22] 
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A new and 

improved map 
of the Milky Way, one of 
the first images from the 
Juno spacecraft, plus why 
Pluto's moon Charon has 
been spray-painted red 


FEATURES 


10th dimension 
of the universe 


The cosmos is much more 
complicated than the four 
dimensions of space and time, 
according to new evidence 


ExoMars 
alTives 

The search for Martian life 
starts now - find out how 

ESA's mission will shake the 
foundations of space exploration 


Hyperveloci 
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Find out everything you need to 
know about these speedy stars 


SETI's Jill 
Tarter 


The former director of the Center 
for SETI Research reveals why 
it's just a matter of time until we 
make contact with intelligent 
alien life 
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Plans are afoot to substitute our 
ISS with a space mushroom - 
complete with artificial gravity! 


Meet the NASA robot that will 
help us to colonise other worlds 


Solved! 
Greatest space 
mysteries 


The truth is out there according 
to 21 astrophysicists, planetary 
scientists and astronomers 


Voyager 1 
Launched in 1977, find out how 
an interstellar craft operates 


Al Worden 


Apollo 15's Command Module 
Pilot reveals why we shouldn't 
go back to the Moon 
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“I navigated back to Earth on my own, 
_ without updates from Mission Control, 
», to validate that it was possible" 


Al Worden 7 : i | 


sees » Command Module Pilot for NASA's Apollo 15 mission —A 


Your complete guide to the night sky 
What's in the sky? 


Mid-October and early November 
offer a pleasing selection of events 


This month's 
planets 

King of the Solar System, Jupiter, 
rules the dawn this month 


Observer's guide to 
the supermoon 

How to take advantage of October 
and November's mega Moon 


Moon tour 

Observe the Cassini crater, an impact 
named in honour of a legendary 
astronomer 


Naked eye & 
binocular targets 
The longer nights are ideal for 
telescope-free observing 


How to... Capture 
the belts of Uranus 
Spot some of the ice giant's finer, 
challenging details 


Deep sky 
challenge 

Turn your telescope to Perseus for 
splendid deep space views 


How to... Observe 
Ceres and Eris 

Don't miss our neighbouring dwarf 
planets at opposition 


The Northern 
Hemisphere 
Enjoy a variety of night sky objects 


Me & My 
Telescope 


We feature more of your astroimages 


Heroes of Space Astronomy 


Kathleen Rubins: the 60th kit reviews 
woman to fly in space 
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telescopes and accessories 
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LAUNCH PAD 


1 YOUR FIRST CONTACT WITH THE UNIVERSE 


Juno's first 
snap of 
Jupiter's 
south pole 


A never-before-seen perspective 
on Jupiter's south pole is 
transmitted by NASA's Juno 
spacecraft, which swung into 
orbit around the king of the 

Solar System back in July. The 
image, taken by the JunoCam 
Taam ant=lal Mee cl Cow AUTUMN AC ola) 
the spacecraft was about an hour 
past its closest approach, reveals 
fine detail of tempestuous clouds. 

Jupiter's equatorial region is a 
structure of belts and zones, but 
the poles are characterised by a 
somewhat mottled appearance of 
clockwise and counterclockwise 
rotation storms of various sizes, 
similar to the hurricanes found 
on Earth. 

While the Cassini spacecraft 
was able to observe most of the 
planet's polar region at highly 
oblique angles as it flew past 
Jupiter on its way to Saturn in 
2000, this is the first time that 
we've been able to observe the 
south pole from this viewpoint. 
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ie Sy] ene of the European entre eenricnie ae aay, ea aed pee i. c 
(ESO) had an unusual type of tourist - Comet C/2014Q2. bee: he Yaw Fs a Poe per ee i 
(Lovejoy), which appears to streak across ure sky, sneaking PEE Sy ; | i ere 

. ESO's 3.6-metre (11.8-foot) telescope and the Swedish-ESO _ ete 

Submillimetre Telescope. Comet Lovejoy entered the inner. , ee 
Solar System for the first time in 2014 and reached perihelion, heey 
its closest approach to the Sun, in early 2015. The dirty space ~ ; ' 
snowball, which was discovered by amateur astronomer Terry ny 
Lovejoy, came within 1.29 astronomical units, placing it between 
the orbits of Earth and Mars. Its soft green glow era = esa 
the left of this image, which is produced by molecules of carbon 
heated by the Sun, while a tail of material is crafted by gas and — wie rte 
dust being blown out behind the nucleus by solar winds. 
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— OSTRIS-REx 
‘ launches for 
asteroid Bennu 


Carrying NASA's Origins, Spectral Interpretation, 
Resource, Identification, Security-Regolith 
Explorer, or OSIRIS-REx for short, a United Launch 
Alliance Atlas V rocket lifts off from Cape Canaveral 
Air Force Station in Florida. The first American 
mission to sample an asteroid, the spacecraft will 
retrieve at least 56 grams (two ounces) of surface 
material and return it to Earth for study in 2023. 
The mission's target - asteroid Bennu - belongs to 
ida Apollo group and may hold clues to the origins 
of the Solar U FAN =) | eae lsd eRe) M IRE 


be 
tb < d organic molecules on our planet. 
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Sree kw alam eye 
If you look closely, you should be able to see a glowing 
spot on Saturn's B ring in this view from NASA's Cassini 
spacecraft. This is an opposition surge and it causes 

an area of the gas giant's rings to appear extra 

bright. This glowing region occurs when the Sun 

is directly behind the observer, which causes 

Saturn's impressive feature to appear 

much brighter than otherwise expected. 

Cassini captured this view ata 

distance of approximately 1.5 million 

kilometres (940,000 miles). 
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PN Poco eless 
for commercial 
Si pcos ter 


Ommander Jeff Williams of Expedition 48 installs 
the first of two international docking adapters 
during a five hour and 58-minute spacewalk. 
Fellow astronaut and flight engineer Kate Rubins 


; Sere Mme Miaraacke cin melce 
__ Japanese astronaut Takuya Onishi assisted the pair 


from inside the station. The international docking 
adapters will be used for the arrivals of commercial 
crew craft, Boeing and SpaceX, which are being 
developed by NASA‘s Commercial Crew Program. 








Welcome home, 
Expedition 48! 


Carrying NASA astronaut Jeff Williams and Russian 
cosmonauts Alexey Ovchinin and Oleg Skripochka, 
a Soyuz TMA-20M spacecraft can be seen as it 
prepares to land near the town of Zhezkazgan 

in Kazakhstan. The trio are returning after 172 
days in space and after serving as members of 
Expedition 47 and 48 on the International Space 
Station. While on board they have contributed to 
many experiments in physical science, biology, 
biotechnology and Earth science. After a steady 
descent, the astronauts landed safely to the 
southeast of the remote town of Zhezkazgan, 
touching down at 7.13am local time. 

Now having successfully completed his fourth 
mission, Williams has spent 534 days in space, a 
first on the all-time NASA astronaut list. His fellow 
crew members, Skripochka and Ovchinin have 
spent 331 and 172 days in Earth-orbit respectively. 
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Gaia spacecraft 





releases brand new 


Milky Way map 





The largest all-sky map ever created 
hints at more treasures to come 


Since July 2014, ESA's space telescope 
Gaia has been surveying the Milky 
Way in a bid to chart a three- 
dimensional map of our galaxy. 

We're now seeing the first results of 
its endeavours - a catalogue of 1,142 
million stars and a huge amount of 
data recording their position and 

oye rednlusloc MIP MON CoM VNI ema Eh yA 

Among them are 400 million stars 
that had never been recorded before 
and a further 2 million that now have 
both their distance and sideways 
motion plotted accurately for the first 
time, thanks to comparisons with 
data previously taken by another 
satellite called Hipparcos. 

It's the largest ever all-sky survey of 
celestial objects and ESA says it gives 
a taste of what's to come. Indeed, 
this data only amounts to one per 
cent of the galactic stellar population 


and Gaia, which has the equivalent 
of a billion-pixel camera on board, 
is looking to continue its detailed 
mission for a further three years. 
“Gaia is at the forefront of 
astrometry, charting the sky at 
a precision that has never been 
achieved before,” says Alvaro 
Giménez, ESA's director of science. 
“[This] gives us a first impression of 
1d sloM=>-4u rz (0) CONSTI AAC rele-MUaT-lar- NVI ES 
us, which will revolutionise our 
understanding of how stars are 
distributed and [how they] move 
across the galaxy.” The results have 
certainly pleased scientists, who had 
high hopes for Gaia ever since its 
successful launch in December 2013. 
“The beautiful map shows the density 
of stars measured by Gaia across the 
entire sky,” says Timo Prusti, Gaia 
project scientist at ESA. 








The map shows 
the density of 
stars observed by 
Gaia in different 
portions of the sky 


Astronomers probe 
rare giant space blob 


The newfound object rests 
11.5 billion light years away 








simulation of a 


A computer 
Lyman-alpha blob 
12 


Astronomers have spotted two star- 
rich galaxies at the heart of a rare 
object in the universe, finally shedding 
light on why it has been glowing 
so brightly. Ever since the Lyman- 
alpha blobs were discovered in 2000, 
scientists have speculated about their 
source. But observations from the 
European Southern Observatory’s 
ALMA array have shown the true 
nature of these gigantic clouds of gas. 
Scientists studied the largest blob, 
the SSA22-Lyman-alpha blob 1 (LAB-1), 
combining images from ALMA - an 
astronomical interferometer of radio 
telescopes in Chile - with observations 
from the Very Large Telescope. It 
allowed them to peer into the heart 


of the gas clouds, enabling them to 
conclude that the light from LAB-1 
was due to a frenzy of star formation 
at a rate 100 times that of the Milky 
Way. But that’s not all. Deep imaging 
with Hubble showed that the ALMA 
sources are surrounded by several 
faint galaxies. These are thought to be 
coalescing into a galaxy cluster and 
the findings appear to be confirmed in 
a simulation of galaxy evolution. 
“Think of a streetlight on a foggy 
night - you see the diffuse glow as 
the light is scattering off the tiny 
water droplets,” says Jim Geach, lead 
author of the study. “A similar thing 
is happening here; the galaxies are 
illuminating their surroundings." 
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Echoes from 
star-munching 
black holes 


detected 


Astronomers have gained 


new insights into tidal 
flares with NASA’s WISE 


It's long been known that 
supermassive black holes eat stars 
that stray too close. But less is known 
about the subsequent bright flares, 
which blast out ultraviolet and X-ray 
light into the surrounding dust. When 
this happens, any dust is destroyed. 
Yet a few trillion kilometres away the 
dust not only survives, it absorbs and 
re-emits the light, producing an ‘echo’. 

Scientists have been determined to 
discover more about the nature of the 
dust and the precise measurement of a 
flare’s energy. They've also been keen 
to estimate the location of the dust 
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Supermassive black holes . 
gobble up stars when they 
are close enough to be 

gravitationally disrupted 


and two recent studies using NASA’s 
Wide-field Infrared Survey Explorer 


(WISE) have got astronomers excited. 


Using a technique called photo- 
reverberation, astronomers have 
measured the delay between the 
original flare and the infrared light 
being given off by the dust. They 
have found that the dust, which is 
heated by a flare, causes an infrared 


signal that’s detectable for up to a year. 


Not only have scientists been able 


“It's the 

largest ever 
all-sky survey of 
celestial objects” 
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to see the infrared light echoes from 
multiple tidal disruption events for 
the first time, the studies have given 
greater clues about the nature of the 
dust, while allowing for more precise 
measurements of the energy of the 
flares. “Our study confirms that the 
dust is there, and that we can use it 
to determine how much energy was 
generated in the star's destruction,” 
says Varoujan Gorjian, of NASA’s Jet 
Propulsion Laboratory, California. 





20 ae 
in Brief 


China's Tiangong-1 
Space Lab will fall 


to Earth 


The Tiangong-l Space Lab - China's 
first prototype space station - is 

set to fall to Earth and burn up 

in our atmosphere by the end of 
2017, according to Chinese officials. 
Weighing 8.5 tons, the orbiting 
laboratory was launched in 2011 in 
order to test docking technologies 
and its mission came to an official 
end in March 2016. The unmanned 
Space station suffered some sort of 
technical or mechanical failure. 


Solved: scientists 
discover how small 
planets get their rings 


Minor planets - also known as 
centaurs - orbit the Sun between gas 
giant Jupiter and ice giant Neptune, 
and some of them have been found 
to have rings. A new study suggests 
that this is because centaurs are 
pulled close to one of the giant 
planets, which rips away their ice 
mantles. This then spreads out to 
form their rings. 


‘Marsquakes' could 
support life on the 
Red Planet 


Earthquakes on Mars could be a 
key factor in supporting life on the 
surface. On Earth, researchers have 
found that the grinding together of 
rocks during earthquakes sometimes 
releases trapped hydrogen, which 
can allow for the growth of 
microorganisms. It is believed that 
similar activity, or ‘Marsquakes’, on 
Mars could possibly support life on 
the Red Planet, too. 


NASA's InSight 
mission to launch for 
Mars in 2018 
NASA has approved a Spring 2018 
launch date for its InSight mission, 
which aims to study the deep 
interior of Mars. This is a two-year 
delay on their original 2016 launch 
date. The mission will put the 
agency one step closer to sending 
manned missions to the Red Planet 
and will also help discover how the 
rocky planets of our Solar System 
formed and evolved. 















Stay up to date... 
@www-:spaceanswers.com 


Fascinating space facts, videos & more 


Twitter ()} Facebook 


@spaceanswers /AllAboutSpaceMagazine 


13 





LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERS 


Pluto spray-paints 
its largest moon red 


New Horizons investigators discover 
why Charon appears to wear a red cap 


Sitting on top of Pluto's largest moon, 
Charon, is a large area of rusty red 
that covers its north pole. Spotted 
by New Horizons in July last year, 
it came as quite a surprise to the 
mission's team. Now the scientists 
think the case has been solved. 
It would appear that Pluto’s weak 
gravity isn't able to hold on to all of 
its methane gas. As it escapes from 
Pluto’s atmosphere and blows towards 
Charon, it becomes trapped by the 
moon's extremely cold atmosphere 
before freezing on the icy surface. 
Ultraviolet light from the Sun then 
transforms the methane into heavier 
hydrocarbons and it eventually causes 
the formation of tholins, which are 
reddish organic molecules. These 
remain on the surface as a red film 


when the frozen methane 
is converted back into 

gas, which explains why 

it never disappears. This 
theory is backed up by 
computer models, while 
further observations show 
the same phenomena takes 
place at both poles. 

“Who would have thought 
that Pluto is a graffiti artist, 
spray-painting its companion 
with a reddish stain that 
covers an area the size of New 
Mexico?” says Will Grundy, a New 
Horizons coinvestigator. “Every time 
we explore, we find surprises. Nature 
is amazingly inventive in using the 
basic laws of physics and chemistry to 
create spectacular landscapes.” 


ae behind existence of different 
galaxies solved using Australian observatory 


We are now able to classify these structures according to their physical properties 


Having surveyed hundreds of star 
systems, astronomers in Australia say 
they are one step closer to classifying 
galaxies and better understanding 
why there are different types. Rather 
than rely on human interpretation of 
a galaxy’s appearance, scientists at the 
Australian Astronomical Observatory 
say they can classify galaxies 
according to their physical properties. 
Scientists use the Hubble sequence 
to classify galaxies, a system 
developed by Edward Hubble in 1926 
consisting of four categories: spiral, 
elliptical, lenticular and irregular. But 
galaxies change over billions of years, 
and this method has made it difficult 
to identify the evolutionary pathways 
of stars, planetary systems and 
galaxies. The University of Western 
Australia node of the International 
Centre for Radio Astronomy Research 
claims Integral Field Spectroscopy is 
more effective as it quantifies how gas 
and stars move within galaxies. 
“We're now able to determine 
the overall angular momentum of 
a galaxy, a key physical quantity 
affecting how a galaxy evolves,” says 
lead researcher, Luca Cortese. 


Galaxies of Stephan’s 
Quintet.ih the constellation 
of Pegasus, as observed by 
the Hubble Space Telescope 










ao Charon’s dark rusty cap 
PCS ied olactel aly 
Horizons in July 2015 


Comet 332P was observed over three 
days in January 2016 


Hubble witnesses 


comet falling apart 


Fragments can be seen 
drifting away from a comet 
108mn km from Earth 


Astronomers using the Hubble Space 
Telescope have captured stunning 
images of a comet breaking up as 
it hurtled towards the Sun. In the 
sharpest observations ever captured of 
a comet's disintegration, 25 fragments 
of ice and dust have been expelled 
from Comet 332P/Ikeya-Murakami, 
scattering the debris along a trail that's 
4,830 kilometres (3,000 miles) long. 
According to NASA, the images show 
that the 4.5 billion-year-old comet is 
spinning at an incredibly fast speed, 
giving an insight into the volatile 
nature of these celestial bodies. The 
images were gathered over three days 
in January 2016 and show the comet 
rotating every two to four hours. The 
disintegrating chunks are 20-60 metres 
(65-200 feet) wide and the comet has 
enough mass for 25 more outbursts. 
“With Hubble's fantastic resolution, not 
only do we see tiny, faint bits of the 
comet, but we can watch them change,” 
says David Jewitt of UCLA, Los Angeles. 
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Ask most people to describe what they think of 
when someone mentions “dimensions”, and they'll 
probably talk about three familiar concepts - length, 
width and depth. We're so familiar with the three 
dimensions of our everyday life that we tend to 
take them for granted, without ever thinking about 
What they really represent. Some people might add 
that time is a fourth (very different) dimension, 
and if they know a little about Einstein's theory of 
relativity, they might even point out that these four 
dimensions are not as independent as they usually 
appear to be, but are in fact bound up in a space-time 
continuum which, in extreme situations, allows them 
to be ‘traded off' against each other. 

But what if that’s not the whole story? Many 
particle physicists and an increasing number of 


cosmologists think there could be many more 
dimensions beyond those we can experience and 
interpret - perhaps six, seven, or even as many as 
22! The new dimensions are needed by ambitious 
theories that attempt to explain the fundamental 
properties of matter and unify the forces governing 
the universe - but for cosmologists they also have 
potentially huge implications for our understanding 
of what the universe itself is. 

The first step to getting our heads around this 
mind-bending subject is to understand what a 
dimension actually is, in scientific terms. “One good 
way to think about it is, if you wanted to say where 
something is, how much information would you 
have to give?” suggests Matthew Kleban, associate 
professor of physics at New York University. “If you 


“If there are extra dimensions, they must 


be on such a small scale that we haven't 


noticed them” 


Weel 


These hypothetical, vibrating 
‘threads’ could be the simplest and 
most fundamental forms of matter 
emeelomBleVoRse 





Everyday solids 


far from the case. 
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Dense objects, such as marbles, appear to be smooth, 
uniform and solid all the way through, but in reality this is 


superstrings? 


Gavel eelad(e= 


On asmall enough scale, all solids are made 
up of tiny individual atoms linked together 


by chemical bonds. 


Atomic structure 
Even an atom of carbon is mostly empty 


space, with electrons orbiting around a tiny, 
compact nucleus of protons and neutrons. 


10 dimensions 


want to say where you are in two dimensions - for 
example, on the surface of the Earth - you have to 
give two numbers: latitude and longitude. If you 
want to say where you are in a three-dimensional 
Space, you have to give three numbers - if you were 
in a balloon that would be latitude, longitude, and 
also your altitude above the surface of Earth. And if 
you want to say when something is, that’s another 
piece of information, so that’s four dimensions if you 
include time.” 

Time is intuitively different from the other 
dimensions - for one thing, we move through it in 
one direction at a steady rate (Well, more or less, as 
we will explain). We can't revisit the past or move 
quicker than the normal progression of time to 
reach the future. But Kleban points out a further 
important difference - one that, as we'll see, relates 
to the possibility of further unseen dimensions as 
well. “Another difference with time is if you think 
about how your're situated - you occupy a volume 
and move around in three dimensions, but you exist 
for a long period of time,” says Kleban. “If we imagine 
a point particle that exists forever, then it exists at a 


Superstrings 

Elementary particles such as quarks and 
electrons may themselves be composed of 
vibrating strings of energy. 


Elementary particles 

Each proton or neutron is made up of 
three quarks bound together by the strong 
nuclear force. 
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ESA’s Planck telescope mapped the Cosmic Microwave 
Background - radiation from the early universe that 
gives clues as to how the cosmos formed 





Dimensions: 3 

A cube is comprised of the three familiar dimensions 
of space, bounded by six square faces, with three 
faces meeting at each vertex. 
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point in space, but as a /ine in the time direction - it 
is extended along what we call a ‘world line’ with 
both a history and a future. We could identify a point 
on that line by specifying a particular time, but the 
object as a whole ‘fills up' the time dimension.” 

However, time and the three space dimensions 
are not quite as fixed as they first appear. As 
Einstein showed in his theory of special relativity, 
extreme situations, such as when we observe objects 
travelling close to the speed of light, give rise to 
strange relativistic’ effects. These are caused when 
one dimension of space becomes compressed in the 
direction of travel (so-called ‘Lorentz contraction’), 
and the direction of time stretches out so that it 
apparently runs slower (‘time dilation’). 

Einstein's tutor, Hermann Minkowski, was the first 
person to take his former pupil's work and apply a 
geometric approach to it, showing how these effects 
could arise if the four dimensions were linked in a 
complex structure now known as the ‘Minkowski 
Space-time manifold’. Situations involving relativistic 
speeds would give rise to a kind of rotation in our 
view and measurements of the manifold, causing the 
dimensions to distort. 

In 1915, Einstein himself took this idea further with 
his general theory of relativity, showing that large 
masses can also distort space-time, and that this is 








Space-time 

Dimensions: 4 

Normal space-time described by Einstein's theory 
of general relativity consists of the three familiar 
dimensions of space, plus one of time, combined 
in a four-dimensional manifold that allows the 
dimensions to be "traded off" against each other. 





the origin of the force we experience as gravitation. 
Ever since the early 20th century, then, it's been 
clear that we live in a four-dimensional universe, 
and that those dimensions are intimately linked. So 
why would we need any more than this? “It's one 
of these things where there's no evidence for it but 
there's no evidence against it - it's not something 
you'd consider if you didn't have some other reason 
to,” says Kleban. The driving force behind theories of 
extra dimensions is the physicist's dream of unifying 
the forces and particles of the cosmos in a single, 
elegant model. 

As early as 1919, German physicist Theodor Kaluza 
discovered that if he considered the equations of 
general relativity in five dimensions rather than 
four, the results generated independent parameters 
(degrees of freedom’ in the jargon of theoretical 
physics) that looked remarkably like four-dimensional 
gravity and electromagnetism. A few years later, 
Oskar Klein expanded the theory to the newly 
discovered realms of quantum physics. 

“It looked, at the beginning, like there was a nice 
geometric way of unifying electromagnetism with 
gravity if you had one extra dimension,” agrees 
Kleban. But sadly, there was a catch: “Unfortunately, 
the Kaluza-Klein model also produces an extra 
degree of freedom that we know isn’t there, so that 


"At every point in three-dimensional space 
_ that we can see, there's this six-dimensional 
“® compact space curled up around it’ 


Beyond space-time 

Dimensions: 10+? 

The higher dimensions required by string theories 
are mostly ‘hidden’ due to their compact nature. 
However, some theories suggest at least one more 
dimension could be uncurled, creating a ‘bulk’ that 
separates branes formed of the other dimensions. 
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simple idea didn’t work,” continues Kleban. “And that 
same problem of these extra degrees of freedom is 
the biggest issue that faces every theory with extra 
dimensions even now - you get too much stuff. You 
can unify forces with this kind of theory, but you end 
up with more than you bargained for.” 

Since the time of Kaluza and Klein, of course, 
we've experienced a revolution in particle physics 
that revealed two further fundamental forces of 
nature - the weak and strong nuclear interactions 
- that are both vastly stronger than gravity, but 
are only effective over tiny scales such as those 
within the atomic nucleus. This adds considerable 
complications to any attempt at unifying the 
forces. What's more, physicists also want a theory 
that naturally gives rise to the various elementary 
particles from which matter is composed - quarks, 
electrons, neutrinos and the like. 

The best developed models to explain both 
particles and the interactions between them are 
known as string theories - they attempt to describe 
various properties in terms of vibrating loops 
of energy called strings, and their mathematics 
naturally requires the presence of a larger number 
of dimensions. Early theories developed in the 
1960s called for a total of 26 dimensions (25 space 
dimensions, plus time), but more recent 'superstring’ 
theories require a less ambitious ten (meaning an 
additional six unseen space dimensions added to the 
four known dimensions). 

Various other theories have been put forward 
that might avoid the presence of extra dimensions 
altogether, but so far none of them have shown much 
promise when it comes to predicting the properties 
of the real universe - for our purposes, string theory 
is the only game in town, which raises an obvious 
question: if these extra dimensions are a reality, then 
Why aren't we aware of them? 

"In all the reasonable theories that require extra 
space dimensions, there's either a reason why we're 
stuck onto a three-dimensional subspace (in which 
case we simply don't notice the extra dimensions 
because we can't move in those directions), or they're 
What we call compact,” explains Matt Kleban. “That 
means that if you go in that direction for a certain 
distance, you'll come back to where you started - a bit 
like if you go in a straight line on the surface of the 
Earth, and eventually circle the planet. Most people 
think that if there are extra dimensions, they must 
be compact on a very small scale so that we haven't 
noticed them.” 

So just how small would that be? The answer 
to that question depends on the assumptions you 
make about the physics within them, but at least in 
principle they can be surprisingly large. “Basically, 
they need to be smaller than the smallest distance 
scale we've probed - the nucleus of an atom - but 
they don't have to be much smaller. If you think 
about moving in a dimension that’s smaller than an 
atomic nucleus, then it doesn't make much sense to 
talk about taking a walk in that direction because 
youte body is so much larger than that scale - you're 
really extended in that direction in the same way 
that you're extended in time, and you can't move ae Se a 
around in it because youre wrapped around the Edwin A Abbott's satirical novella of 1984, Flatland, Some cosmologists believe that collisions between 
whole thing." The idea of compact dimensions seems imagines a world in two dimensions, and the branes moving around in higher-dimensional space 
slightly bewildering, so Kleban suggests another interactions of its inhabitants with the third could trigger new Big Bangs 


According to eternal inflation theory, 
the configuration of dimensions can 
change spontaneously within pre- 
existing space-time, perhaps giving 
rise to a rapidly inflating bubble with 
jaC=yfmeey nen ia ce) etsy 
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First Dimension: 
Distance and 
direction 


The first dimension is often thought 
of as a line - an object's position 
within one-dimensional space can be 
described by a single measurement. 
However, a single dimension need 
not necessarily be limited to straight 
lines - it may encompass a position 
on a circle such as compass points, 
or azimuth in the night sky. 


Second 
dimensions: 
Areas and positions 


A two-dimensional object is 
described by two separate 
measurements - the simplest and 
most intuitive example is a flat plane 
in which any position can be defined 
on a grid of X and Y coordinates 
that are at right angles to each 
other. However, there are many 
other objects, such as spherical and 
cylindrical surfaces, that are also 
two dimensional. 


Third dimension: 
Space 


The space that we perceive in 
everyday life is three dimensional 

- we can define the position of 

any object within it by a set of 

three numbers, such as X, Y and Z 
coordinates at right angles to one 
another, or using a set of celestial 
coordinates plus a distance from 
Earth. However, our perception is far 
from the whole story. 


CJ e@ 
Fourth dimension: 
Time 
So far as we know, movement along 
the time dimension happens in a 
single direction and we can't revisit 
the past - yet events that happen 
UKM LUC= aman oe 8) Ral male! 
thanks to the limited speed of light, 
we can still see the past as we look 
across space. Just as importantly, 
the dimensions of time and space 
are bound together in a four- 
dimensional continuum that allows 
each to vary in extreme conditions, 
as described by Einstein's theory. 


vAY 











Pia Ret te 
Hyperspace and 
possible worlds 


In this dimension, you'll find another 
world that's slightly different to 
ours - we could measure similarities 
and differences to Earth. A fifth 
dimension with similar properties 

to those of the three known space 
dimensions would be capable of 
giving rise to objects with four 
space dimensions, such as the well- 
known tesseract or ‘hypercube’. In 
geometrical terms, this is simply an 
extension of a normal cube along an 
axis in the fourth space dimension, 
yet to our eyes a tesseract could 
take on a bewildering variety of 
shapes depending on its orientation. 


yo eui melita y (te 
Atlan mae) 2) Me 
the future and past 


Here, all possible worlds and 
universes start in the same way and 
if you could master the fifth and 
sixth dimension, you could easily 
travel backwards in time or go to 
different futures. If superstring 
1dnt=le) AYR @e)ee-lo mm allel M es] cele aay 
dimension of space perpendicular to 
the others does not exist, but there 
Fe] c=W- 1m (stad a olemel eae a cee 
which superstrings can oscillate and 
create various measured properties 
of particles. These dimensions are 
thought to be invisible as they are 
curled up in a knot-like object called 
a Calabi-Yau manifold. 


ST 
aes (U te 
Possible worlds born 
TRACE 


Beyond the sixth dimension, you will 
have access to the aforementioned 
worlds. In the seventh dimension, 
and unlike the sixth dimension, 
these possible worlds are born 

out of various starting conditions. 
What's more, everything is different 
from the very beginning of time. 





Ten dimensions of the universe: a visual guide 


From the normal facets of space to time, hyperspace 
and beyond, what exactly happens in these dimensions? 
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“Collisions between 
mension: 


branes have even 
been proposed as 
a potential trigger 
for Big Bang events” 


Matthew Kleban 


Just like the seventh dimension, 
the eighth presents a plane of 
possible histories of the universe, 
each of which begin with a 
variety of starting conditions - all 
of which branch out infinitely. 


way of looking at it. “Imagine a rope - it’s quite long 
in one direction, but a short distance to go around 

it, and if you look at it from far enough away, then 
the rope looks like a one-dimensional line. But on 

a small enough scale you can move along the rope 

Fe on a left-right axis, and at every point on that axis 
Ninth there's a circle attached where you can go around it. 
robb aya e 5 ete, : To extend the analogy to our world, at every point in 
three-dimensional space that we can see, there's this 
six-dimensional compact space attached, and curled 
up around it - something we call a fibration.” 

And if six extra dimensions weren't enough to 
cope with, the most recent attempt at a 'theory of 
everything’ adds another one. However, it’s with 
good reason, as an extra dimension helps unify a 
bewildering array of superstring theories into a single 
overarching model called M-theory. Matthew Kleban 
takes up the story: “Edward Witten discovered that 
all of these theories are different limits of a theory 
he called M-theory (nobody knows for sure what 
the M stands for!), which exists in one more space 
dimension. The relationship between the superstring 
theories and M-theory is a bit like the Kaluza-Klein 
story - if that extra dimension is small and compact 
then one of those five string theories becomes the 
appropriate description for the particles and forces 
of the universe, but if it’s large and non-compact, 
then you can't use the string theory and have to use 
M-theory itself.” 

M-theory sounds elegant in principle, but it’s 
not without its problems. “Because you have to 
compactify these dimensions, you can do that in 
a lot of different ways,” continues Kleban. “Even 
compactifying that one extra dimension produces 
five different string theories, but when you then have 
to compactify six more space dimensions, there are 
many, many ways to do that, and the problem that 
destroyed the Kaluza-Klein proposal is even worse. 
You get lots and lots of extra degrees of freedom 
that you don't want, and because they tend to act 
like gravity, it's like having lots of extra gravitational 
forces around, which we know just aren't there in our 





It's not just all of the 
possible histories of 
(WaeRU eee 
olHKa= NPN OTe 
dimension - the laws 
that we understand 
to govern the cosmos 
also vary. 


Wilde 
dimension: 





Since it's said that we're unable 
to imagine anything beyond the 
tenth dimension, everything 
possible and imaginable exists 
here. It is the natural limitation 
of what we're able to conceive 
in terms of possible worlds and 
possible universes. 


O O universe. You can get rid of them if you compactify 
tut iit oui pb tats ta the dimensions in the right way, but that's a very 
In some cosmological models, the lower Beyond the 11th dimension, early 'bosonic' tricky procedure that is still very poorly understood, 
dimensions of superstring theory exist within a Siu gharemdetco) Mace Ce me) e md elem CateRO mY oe even now” 
framework called bulk, created by an ‘extensive’ § more space dimensions - a total of 22 more than The idea that one or more of the extra dimensions 
11th dimension perpendicular to the rest. UOC OT COM VCR NCIC TM MO BRAVA Ler Nmlicms tl might be extended, meanwhile, gives rise to an 
@rolebela (kM setrelnaetciej (yet I MMe e-relecMmncomelels correct, then these additional dimensions would intriguing concept which is known as the brane 
own may be separated from each other by tiny be curled up in a similar way to the Calabi-Yau (which is short for membrane) - the idea that our 
distances in the 11th dimension, and cosmic manifolds - knot-like objects that appear point- universe might be one of many ‘subspaces’ that 
evolution may be driven by the interaction like on the scales of normal matter - but take the are separated in higher-dimensional space. Gravity 


between these branes. form of even more complex knot-like objects. ‘leaking’ between branes might explain this force's 
relative weakness in our universe, while collisions 
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Number of dimensions: 26 
String theories with 26 dimensions 
were the first to be developed in the 


1960s. Physicists still use them as ‘toy’ 
models, but they have two key failings 


- they only predict the existence of 
‘bosons’ (such as photons) rather than 
matter particles, and they predict the 
existence of imaginary mass. 


Number of 
dimensions: 10 

Apart from Type I, 

all other superstring 
theories involve closed 
ig arom armed Nom ye) 

to different particle 
characteristics through 
vibrations analogous 

to the harmonics of a 
violin string. Type IIA 

is a theory that is 'non- 
chiral’ - the direction of 
a string's rotation makes 


Type 


TIA 


Bosonic 
string 
theories 


theory 
The mother of string theory 


Five competing superstring theories exist. 
M-theory has the potential to unite them all 
Number of dimensions: 11 


In 1995, Edward Witten argued that the links between the 
various superstring theories suggest a unifying theory 


no difference to the 
properties it manifests. 


Number of dimensions: 26 or 10 
Heterotic string theories involve closed 
loops that are a hybrid of superstrings 
and bosonic strings - depending on the 
direction in which excitations propagate 
along the string, they can manifest in 
either way and be treated as existing in 
either ten or 26 dimensions. 


Heterotic 


E 


underlying them all. This is known as M-theory, an 
11-dimensional theory in which the different 
ways of compactifying the additional 
dimension give rise to the five 
superstring theories. 





“These extra dimensions can play an 
important role in the early universe and 
leave traces that we can detect” 


between branes have even been proposed as a 
potential trigger for Big Bang events. For Kleban, 
though, some of the most intriguing possibilities of 
M-theory arise from the possibility that other parts 
of 11-dimensional space-time could be very different 
from our own. 

"In string theory, the scale of the extra dimensions 
doesn't usually change - it's this set of six tiny little 
curled up dimensions and it would take a lot of 
energy to alter it,” explains Kleban. “But one place 
there is a lot of energy is in the early universe, 
shortly after the Big Bang. In those hot and energetic 
conditions there was enough energy to bring about 
changes in the configuration of these dimensions, 
and then as it cooled and expanded it settled down 
into stable configurations and those regions grew 
really large.” 
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Kleban continues, “If we now return to the 
rope analogy, then if you move far enough in one 
direction or another you might find that the rope 
gets much thicker, and in another place [it might 
get] much thinner. However, those spaces are now 
separated by very large distances. That’s a type of 
multiverse - the idea that there are regions beyond 
our observable universe where conditions might 
be very different from each other, because the low- 
energy physics, such as the behaviour and very 
existence of particles, depends on the configuration 
of these extra dimensions.” 

So what does Kleban think of the prospects 
for actually confirming the existence of higher 
dimensions in the relatively near future? Are signs 
of their influence just waiting to be discovered in 
data from the Large Hadron Collider? “I think most 


Heterotic 


0 


Number of dimensions: 10 
Superstring theories are 
‘supersymmetric’ - they are based on 
the idea of a correspondence between 
bosons (force-transmitting particles) 
and fermions (matter particles such as 
quarks and electrons). They typically 
need only six extra space dimensions. 
In the case of Type | theories, strings 
may be either ‘open’, or closed loops, 
and their orientation does not matter. 


Number of 
dimensions: 10 

Type IIB is a theory 
similar to Type IIA, but it 
is chiral - the direction of 
a string's rotation does 
make a difference to its 
manifested properties. 
Mathematics allows 

it to be transformed 

into Type! -ithasa 
'T-duality’ symmetry 
with Type IIA (if the 
strings scale changes, its 
behaviour ‘swaps’ from 
one theory to the other). 


Number of dimensions: 26 or 10 
The difference between the two 
heterotic theories is complex, created 
by different solutions to the ‘missing’ 
16 dimensions. Importantly, however, 
the two solutions are once again linked 
by T-duality, and Heterotic-O can be 
reduced to Type | string theory through 
mathematical procedures. 


people would say that's unlikely - theories with 
dimensions on the kinds of relatively large scales that 
a near-future particle experiment could see are rather 
problematic, and difficult to make consistent with 
the data we already have, though it's not impossible,” 
explains Kleban. 

Instead, and fittingly, Kleban thinks that our 
best prospects for proving the higher-dimensional 
universe lie in observations of the large-scale cosmos 
itself. "These extra dimensions can play an important 
role in the early universe and leave traces that we 
can detect. One example is a theory I've developed 
where inflation [the sudden burst of expansion that 
happened within an instant after the Big Bang] relies 
on the extra dimensions,” says Kleban. 

He continues: “It's something moving around in an 
extra dimension that’s causing inflation to happen, 
and that has implications for the structure of galaxies 
and galaxy clusters in the universe today. It wouldn't 
be a very direct detection, and there would be a lot 
of argument as to whether it really showed that there 
were extra dimensions, but in principle and with 
enough data and some luck, you could discover them 
that way.” 
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A new generation of observatories at 
Unbeatable prices 


The best newcomer of 2016 - The Canadian manufacturer NexDome has brought a revolutionary new 
observatory dome design onto the market. The major feature is a modular design with two significant 
advantages - low transport costs and straightforward construction which takes just a few hours. 
Never before has a top observatory been so affordable! 

Astroshop is the European distributor for NexDome. We can deliver from our warenouse here for only 60 
Euros within Germany and for only 150 Euros within the rest of Europe. And, of course, we can naturally 
also provide advice and service for NexDome observatories. 


Internal diameter of 2.2 meters provides provide the appropriate motors and Solarkole® coating protects against 








Astroshop.co.uk is a section of nimax GmbH. You will find more information about our company at www.nimax.de. Prices are subject to change and errors are excepted. 


enough space for a 14 inch Schmidt- control units. UV radiation and ensures high weather 
Cassegrain or a 1400mm focal length resistance for all parts. 
Page ie The number of compartments for 
accessories can be freely selected - up 5 years warranty on all ABS parts. 
Observation window can be opened fo six of these storage accessory bays 
beyond the zenith. are possible. 
» The dome can be easily rotated by Should any part of the observatory ever bal eee beat 
hand thanks fo the lightweight ABS be damaged, it can be individually and crac ea aia 
plastic construction, but it can also be inexpensively replaced thanks to the Ee Eo ee 
motorized at no great cost - we can modular design. 
Enter the product number into the search field! 
i 
Q Address | X.. Phone = Mail a L 
Pe pe rea +49 8191 94049-61 service (@astroshop.co.uk ASLO LO.UK 
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What will ExoMars do 
at the Red Planet? 

How the 2016 mission will set the 
scene for the future 


Discover the origin of trace gases in 
the Martian atmosphere 

How it will be achieved: Four instruments 
will study the atmosphere 

Why we want to achieve it: It could tell us 
if and where there is life on the surface 


Deliver Schiaparelli to the surface 
How it will be achieved: The lander will be 
deployed on 16 October 

Why we want to achieve it: To test landing 
techniques for the 2020 rover 


Provide communications from Mars 
How it will be achieved: Remaining 
operational in orbit beyond 2021 

Why we want to achieve it: To stay in 
touch with the rover 
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Meet the 


ExoMars team 
The scientists leading the 
search for life on Mars 


Hakan Svedhem 
Project Scientist, 
ExoMars 2016 

“The ideal result 
would be to find 
methane emissions 
in the location of the 
landing site of the 
ExoMars rover" 


Jorge Vago 
Project Scientist, 
ExoMars 2020 

“| want Us to carry 
out measurements 
that tell us with a 
certain probability 
that there may have 
been life on Mars” 


Don McCoy 
ExoMars Project 
Manager 

"A successful mission 
will pave the way 

for European 
participation in 
extraordinary 
projects.” 


Giacinto 
Gianfiglio 
ExoMars System 
Engineering Manager 
"ExoMars is the 

first step in the 
ESA-NASA global 
cooperation for 
robotic exploration.” 


Peter Schmitz 
Spacecraft Operation 
Manager 

"So far, it has been 
a picture book 
performance. We'll 
go to deep space 
networks as the 
craft travels further.” 


Thierry 
Blancquaert 
Schiaparelli Manager 
"We decided to save 
fuel and mass by 
releasing Schiaparelli 
from a hyperbolic 
arrival trajectory for 
a ballistic entry." 
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For Jorge Vago, the ExoMars mission began when 

a report dropped on his desk in 1997. “It was from 

a group of exobiology scientists, who were asked to 

describe how they would go about searching for life 
on Mars,” says Vago. Almost two decades later, that 

ambitious proposal is coming to fruition. 

Vago is now a project scientist for this pioneering 
mission, ExoMars, which is already well underway. 
It is a two-part mission that is going to search for life 
on Mars like never before. Arriving in October 2016 
is the first part of the mission, an orbiting satellite 
and an experimental lander. Then, in 2020, a rover 
will arrive to perform the most extensive search for 
life on Mars yet. ExoMars can largely be viewed as 
following in the footsteps of NASA’s Viking landers 
in the 1970s, the Mars Exploration Rovers Spirit and 
Opportunity in the 2000s, and Curiosity in 2012. 
But while those more recent rovers have focused 
on ascertaining the potential habitability of Mars, 
ExoMars will be directly searching for signs of life - 
or, at least, life that may once have existed there. 
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The first part of the ExoMars mission launched on 14 
March 2016 


“We are not trying to detect present life, we are 
going after extinct life, because we think that is way 
more probable than life being present on Mars today,” 
says Vago. The Viking landings in 1976 were the 
first true search for life on Mars. But, at the time, the 
technology was limited. Results were inconclusive at 
best and our knowledge of Mars was in its infancy. 
Now, armed with data from a variety of landers and 
rovers, we're ready to go back again. 

“In essence, we think Mars is more alive than what 
had been thought until a few years back,” says Vago. 
“The interest is, was there life on Mars, and if yes, 
how and when did it appear? The second question is, 
to what extent are the chemical components of past 
life on Mars similar to ours? And was there a second 
genesis, Or are we in some way related?” 

ExoMars has not been without its problems, 
though. Since the mission was first approved in 2005, 
it has been chopped and changed numerous times. 

It was part of ESA's flagship Aurora Programme, an 
endeavour to search for life in the Solar System using 


Schiaparelli's Heat 
shield will help - 

it survive the | 
journey through 
, the Martian 
if. atmosphere | 
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If Mars once had water, did it also have life? The 
ExoMars mission hopes to find out 
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atmosphere, leaving 
scientists puzzled by 
observed variations. 


Comet impacts 
eo) prs1eM Rela lel eel c=) 
to a very small 
amount of methane 
in the atmosphere. 


Frozen 

Frozen methane in the 
upper subsurface of 
Mars from long-extinct 
microbes could also 
explain the source. 


Dust devil 


Volcanoes 


A lack of active 
volcanoes today 
suggests they are not the 
source of the methane. 


Possible ® Vents 


methane sources 
® Methane clathrate 


These ‘water cages’ could store 
methane produced by microbes, 
and gradually release it through 
cracks in the Martian surface. 


“Previous missions have hinted that there is 
methane in the atmosphere but ExoMars 


will get clear evidence of the existence of 
methane (if it is there) and characterise it” 


robotic explorers and humans. Slow progress is being 
made on the latter goal, but ExoMars is a serious 
commitment to the former. In its initial form, the 
mission was to be a single rover and a ground station, 
launching on a Russian rocket in 2011. But in 2009 
NASA became a partner, and an American rocket 


monoxide Methane 


® Microbes 
__| Underwater microbes may 
combine water with carbon 
dioxide to produce methane. | 












mission launched on 14 March 2016 on a Russian 
Proton rocket from the Baikonur Cosmodrome in 
Kazakhstan, carrying a demonstration lander and an 
orbiter. “Life on Mars is a question that has excited 
and stimulated people's fantasy for a long time,” 
Hakan Svedhem, project scientist for this first part 
of the mission, tells All About Space. “The primary 
objective of the ExoMars programme is to investigate 
if there are any signs of past or present life on the 
Red Planet.” 

The lander, named Schiaparelli, will be ejected 
from the orbiter three days before it reaches Mars 
on 19 October. It has no propulsion of its own and 


was instead touted as the launch option alongside 

a NASA-built orbiter. After some to-ing and fro-ing, 
NASA pulled out of the ExoMars project in 2012. In 
2013, ESA instead partnered with the Russian space 
agency, Roscosmos, to achieve its goal. It has been a 
complicated history but, in March this year, things 
finally came together. The first part of the ExoMars 
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If Mars has a liquid layer 
underground, there 
could be hydrothermal 
vents spewing methane. 
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instead will be sent on a collision course with Mars. 
It will enter the Martian atmosphere at 21,000 
kilometres (13,000 miles) per hour, using aerobraking 
manoeuvres and a parachute to slow it down. 
About one kilometre (0.6 miles) above the ground, 
thrusters will activate to bring the lander to a gentle 
touchdown in a plain called Meridiani Planum, using 
a crushable structure to keep its innards safe. 
Schiaparelli is only designed to last for a few 
days on the surface, being more a demonstration 
of how to land the upcoming rover rather than a 
true scientific mission. ESA's last attempt to land 
on the surface was the British-built Beagle 2, which 
failed to communicate after touching down in 2003. 
Schiaparelli will help avoid any such problems again. 
That's not to say it will be completely useless on 
the surface. It has a small science payload called 
DREAMS (Dust Characterisation, Risk Assessment, 
and Environment Analyser on the Martian Surface), 
which will study the environment. It will measure 
the wind speed and atmospheric temperature, among 
other things, to provide some scientific return. On 
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the same day Schiaparelli is due to enter the Martian 
atmosphere, 19 October, the Trace Gas Orbiter 

(TGO) that carried it there will enter orbit around 
Mars. The TGO is going to perform one of the most 
extensive analyses of the Martian atmosphere to 
date. Specifically, scientists are hoping to learn more 
about the extremely small amounts of methane in 
the Martian atmosphere - methane makes up less 
than one per cent, with it being dominated by carbon 
dioxide (95.3 per cent) and nitrogen (2.7 per cent), but 
its presence is a bit of a mystery. “We are specifically 
interested in methane, a gas that has strong relations 
to life in the case of Earth," says Svedhem. “Previous 
missions have hinted that there is methane in the 
atmosphere but the results are debated. We will get 
clear evidence of the existence of methane (if it is 
there) and characterise it.” 

Methane does not stick around for long, which 
means there must be some unknown process on 
Mars replenishing its stocks in the atmosphere. This 
could be chemical or geological in nature or, more 
excitingly, biological - from microbes on or under 
the surface. From an altitude of 400 kilometres (250 
miles), the TGO will monitor seasonal changes in the 
amount of methane in the atmosphere, alongside 
other gases. By identifying pockets of methane 
on Mars, the TGO could identify regions that may 
potentially harbour life. The TGO will also serve as 
a relay communications satellite for the rover, and 
perhaps other future missions too. “Hopefully we will 
detect methane (and other trace gases) and tie these 
detections to events and/or locations that we also 
identify,” says Svedhem. 

And that brings us nicely to the second part of the 
mission. The ExoMars rover was initially scheduled 
to launch in 2018, but just this year it was delayed 
to July 2020, meaning it will arrive at Mars in early 
2021. Nonetheless, work is continuing unabated, 
and there are big plans afoot for it. Its preferred 
landing site has already been selected, so where it 
goes probably won't be dictated by any discoveries 
made by the TGO. But the landing site is already of 
great interest to scientists. It is a site within a region 
called Oxia Planum, which contains large exposed 
rock dating back 3.9 billion years, giving a broad 
look through Martian history. The rock is also clay- 
rich, suggesting water once flowed through this 
region. And, as we all know, water is one of the key 
ingredients for life. Running on solar power, ExoMars 
will have a suite of nine instruments with which to 
study its surrounding area. Six independent wheels 
will enable it to drive slowly on the surface, letting 


“Most people expect 
life on Mars to exist 
at depths of maybe 
2km (1.2mi), where 
the pressure of the 
rocks is sufficient to 
have liquid water" 
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Mars Pathfinder 
consisted of a lander and 
a rover named Sojourner. 
The mission studied the 
surface and proved that 
it is possible to develop 
faster, better 

and cheaper 

spacecraft. 


Choosing BEL erty ts 
site for a rover 


With almost as much land as Earth, 
how do we know where to touch down? 
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NASA's Phoenix | , ee, 
lander touched down 
in the polar regions of 
Mars to study its ice. 
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it head to certain points of interest. Among the nine 
instruments is a panoramic camera, to image the 
surface of Mars, and an infrared spectrometer to 
highlight objects for further examination. A more 
advanced camera will afford high-resolution imagery 
of rocks and other small objects, while a ground- 
penetrating radar called WISDOM (Water Ice and 
Subsurface Deposit Observation On Mars) will look 
for water underground. The MOMA (Mars Organic 
Molecule Analyser) instrument, meanwhile, will 
directly look for biomarkers that hint at the presence 
of past or present life. 

The most exciting part of the rover though, is 
its drill. NASA's Curiosity rover, which is currently 
operating on Mars, is able to bore a hole a few 
centimetres deep and collect samples for analysis. 
The drill on ExoMars will go down to a depth of two 
metres (6.6 feet), a depth that may contain traces of 
water - and, more hopefully, biosignatures of life. “We 
are bringing a new way of extracting organics from 
the ground, which hasn't been used on any planetary 
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"We are bringing a new way of extracting 
organics from the ground, which hasn't 
been used on any planetary mission before” 


mission before,” says Vago. “It should give us access 
to better preserved material.” It should be stressed 
that ExoMars is not being designed to search directly 
for life. Instead, it is looking for evidence left behind 
by past life. One such example is stromatolites, 
structures that can be left behind on rocks by 
colonies of microbes. We see these on Earth, dating 
life back to 3.7 billion years ago according to recent 
evidence. It’s hoped that Mars may have these, too. 
That's not to say ExoMars won't be capable of 
finding life if it's there, but it would be a surprise. 
Most people expect life on Mars, if it exists, to exist at 
depths of maybe two kilometres (1.2 miles) where the 


pressure of the rocks is sufficient to have liquid water. 
“It would be a shock and a surprise to everybody if 
we were to find functioning organisms close to the 
surface,” says Vago. “Having said that, the payload has 
the potential capability to be able to tell you there 

are functioning cells, if they happen to be there, but I 
don't think they will be.” 

One complication around this, though, is the 
planetary protection rules. Under these rules, an 
explorer must be sufficiently sterilised if it wishes 
to explore so-called ‘special regions' where life could 
exist. Missions not landing in a special region and not 
looking for signs of life, like NASA's Curiosity rover, 
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Landing on the 

Red Planet in 1976, 
Viking 2 operated for 
1316 days where it 
analysed the Martian 
soil and hunted for 
signs of life. 
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2 NASA’‘s Spirit rover 
>) landed in the Gusev 
Crater on 4 January 

| 2004, an interesting 
~ location that may be 
"| revisited by NASA's 

. : own ExoMars rover. 
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fall into category 4A. The Viking landers, which did 
both of those things, fell into 4C, which meant the 
entire landing system had to be sterilised. ExoMars 
falls into 4B, which means it can't target a special 
region where Earth microorganisms could develop 
today. But every part of the rover that will come into 
contact with samples must be sterilised to 4C levels. 
“The only case in which we could find life that exists 
today is if we were to land on a place where we 

don't think there is life, and then we drill down and 
happen to find living organisms that nobody thought 
would be there,” says Vago. 

Neither the upcoming TGO, Schiaparelli, or the 
rover are likely to make a single detection that would 
definitively say there is - or was - life on the Red 
Planet. As Vago notes: “People are sceptical.” But 
together, the ExoMars mission will paint our best 
picture yet of what life on Mars could have looked 
like. If we're lucky, in five years or so, we may know 
with greater certainty whether or not we have always 
been alone in our Solar System. 
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Roving the Red Planet 


Scheduled for launch in 2020, the ExoMars rover ExoMars will do this using its suite of analytical 
will search for signs of past and present life on the instruments, which are dedicated to establishing 
Martian surface, as well as characterise the water whether life ever existed - or is in fact still active - 
and general chemistry of the Red Planet. on Mars today. 
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: = The ExoMars rover will 
an arrive at the Red Planet in 
~ 2021 and will search for 
a) signs of past life on Mars 
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They were 
discovered 
fairly recently 


Only discovered within the last ten years or so, 
astronomers have found a total of 12 hypervelocity 
stars to date. According to recent research though, 
these rogue stars are actually thought to be quite 
common in the universe. 
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pervelocity 


The fastest known 
Star has a very 
Strange origin 


Travelling at an eye-watering 1,200 kilometres (745 
miles) per second, one of the quickest stars clocked 
by astronomers escaped our galaxy with some help 
from a ‘lopsided’ supernova. When the supernova 
exploded, it kicked the star out of our galaxy. 








They're 100,000- 
times quicker than 
the fastest train 


Hypervelocity stars fly through space at thousands, 


"and even tens of thousands of kilometres per 


second - that’s 1,000-times faster than the 
quickest spacecraft that’s ever flown, or a couple of 
revolutions of our planet in a few seconds. 


Some may be 
dragging an alien 
world with them. 


If a planet is in a tight orbit around a hypervelocity 
star, there’s a strong chance that it will be thrown 
out of the galaxy with its stellar parent. These 
‘warp-speed'’ planets would be travelling so fast that 
it would take them only ten seconds to cross the 
diameter of Earth. These stars can lose their planets, 
especially if the orbits are further out from their star, 
causing them to fly in the alternate direction. 
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Many are thrown 


around by huge 
black holes 


The reason why these stars move so fast is down 
to being thrown out of the Milky Way by the 
supermassive black hole at the galaxy's centre. 
Initially, the speedy star was part of a binary that 
got captured by these high-gravity objects, causing 
it to be split from its pair and catapulted into 
extragalactic space. 
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stargazer’s delight 
See the wonders of the universe at the UK’s first dark sky park. 

Home to some of the darkest skies in Europe, the Galloway Forest Dark Sky Park 


is the perfect winter destination for an exceptional view of our celestial neighbours. 


With astronomer friendly accommodation, an amazing research level observatory 
and access to friendly Dark Sky Rangers the skies and opportunities are endless. 
To get your time with your very own Dark Sky Ranger 
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“Life can live in 
the boiling battery 
acid of volcanic 
environments 
and at the bottom 
of the ocean” 


Jill Tarter 

Tarter is an American 
astronomer and the former 
director of the Center for 
SETI Research. She now 
holds the Bernard M. Oliver 
Chair for SETI at the SETI 
Institute, and has been 
awarded a large number 

of honours and awards for 
= her work in astrobiology, 
including a Lifetime 

Achievement Award by 

: Women in Aerospace, 

» service medals from NASA 


7 and the Adler Planetarium 
\ Women in Space Science 
Award. She was named 


as one of the 100 most 
influential people in the 
world by Time magazine. 
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An interview with... 


SE TTs Jill Tarter 


From the Starmus festival in Tenerife, the former director of the Center for SETI 
Research thinks it’s only a matter of time until we discover extraterrestrial intelligence 


Interviewed by Rafael Maceira Garcia 


You are now retired after 35 years of scanning the 
universe. How does it feel? 

I officially retired in 2012 and not much has changed. 
I don't have to go to as many meetings, but I still 
work with the SETI team to plan for the observing 
strategy, to try and get funding, to improve the 
equipment, and I also work with my husband on 
upgrading the receivers for the telescope. We had a 
new project that was funded by Franklin Antonio 
from Qualcomm and we're replacing all the feeds in 
the receivers in all 42 telescopes. As a result, they are 
much quieter and their system temperature is much 
lower. We can observe the higher frequencies so the 
whole system is more sensitive. We are excited about 
that, but mainly I'm just trying to be a cheerleader for 
SETI and to find funding to keep the team going. 


How can our readers help SETI? 

We are often asked that question: how can I help? 
Certainly you can go to www.seti.org and donate. 
That’s one way. We really do appreciate that kind 

of funding. The other thing you can do is begin to 
follow what we're doing and spread the word through 
your social networks. Let people know that you're 
interested in SETI. Let them get involved and let's 
just tell the story. Let's make the world understand 
about the possibilities for life, even intelligent life, 
beyond Earth and what some people are trying to 
do in order to answer that question. So let's just not 
leave the world wondering what they should believe. 
Let’s get them involved with understanding the 
actual exploration that's going on. 


If our readers wanted to visit SETI, what would 
they be able to see? 

Well the SETI Institute is an office building. We've 
got really pretty posters on the walls because we 

do exciting science, but it is scientists, computers, 
administrators and teams that are planning their 
research. But a five-hour drive north of the SETI 
Institute, which is in Mountain View, is a radio 
telescope that we've built called the Allen Telescope 
Array. It was purpose-built and unlike other 
telescopes, it’s a large number of small dishes that are 
all hooked together with computers. It’s a beautiful 
Survey instrument and we use it every day. 

So if people want to travel north it’s very scenic, 
but when they get to the telescope they will find a 
handful of people keeping it all going. None of the 
scientists will be there, but you can come in any day. 
If you come in Monday to Friday during business 
hours, the gate across the road will be open and you 
can drive in, but we're on National Forest land so we 
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have to be accessible at all times. So after business 
hours the gate is closed but you can still walk on 
and you'll find 42 telescopes and a set of kiosks that 
were set up so you can do a self-guided tour. We 

try to explain, without being there ourselves, what’s 
going on and it’s a beautiful place. It’s very close to 
Lassen National Volcanic Park, so Mount Lassen and 
the environment are spectacular - the last time that 
volcano erupted was in 1923 and we're hopeful it's 
not going to do it again anytime soon. 


How much has your area of investigation evolved 
during your professional lifetime? 

It's evolved enormously and that’s because of the 
technology that we have to use. So when astronomer 
Frank Drake did the first radio search in 1960 he had 
a pin on a chart recorder. He had one channel that he 
scanned across the band of frequencies he wanted to 
observe and he had one small telescope. Today, we 
have an array of telescopes and fantastic computing 
equipment. In fact, we have computing equipment 


that has been trained to do the observing in real 
time. Frank used his ears and eyes to see if anything 
was happening and then he actually didn't know 
What to do when he found a signal. Our computers 
don't look at one channel; they look at hundreds 
of millions of channels. They look for signals with 
different characteristics than those that Frank was 
able to search for. That just keeps getting better and 
makes our search faster and more comprehensive. 

So since Frank’s first search, what’s the volume 
of space we want to look for signals in? It's a nine- 
dimensional space, but let's say its volume is equal to 
Earth's oceans. [In terms of SETI research] 50 years 
has allowed us to sample just one glass of water from 
Earth’s oceans. It is not a lot, but it’s getting better 
and faster all the time as technology gets better. We 
recently improved the sensitivity of the array itself by 
building new radio receivers. It’s the kind of things 
Frank Drake couldn't even dream about in 1960: 
cryogenically cool, very low noise and extremely 
sensitive to a huge range of the radio spectrum. 


"In terms of SETI research, 50 years has 


allowed us to sample just one glass of water 


from Earth's oceans” 





Neil deGrasse Tyson and Jill Tarter talk about all 
things space at the Starmus festival in Tenerife 
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Could you tell us in a simple way, how does SETI 
work to detect a signal that is not made by nature? 
We're looking for the kind of signal that nature can't 
make. So we've spent some years looking at the 
astrophysics of how a natural star or cloud of gas or 
dust emits radiation at different frequencies. We now 
have a pretty good understanding of the physics, 
which tells us that you need a whole lot of atoms or 
molecules working together to produce a signal that 
is detectable over interstellar distances. This is the 
natural emission. You need such a large number of 
atoms or molecules that the signal they create, the 
signature, covers a wide range of frequencies. So it's a 
broadband. Now, in our labs we can use optical lasers 
or radio frequency masers to create very narrow 
band signals. You can imagine it as one channel on 
the radio dial of a hundred million channels or so 
and we can do that with technology but nature can't. 
So we're looking for those kinds of signals that are 
compressed in time, bright flashes that last a billionth 
of a second or less, or compressed in a frequency 
occurring at only one channel. We are looking for 
those because we think nature can't make them, but 
we know technology can; what we are really looking 
for is someone else's technology. 


From all your years of hard work, what are the 
best memories of your career? 

It’s been a very privileged career. There aren't a 

lot of people who are doing SETI and I've had that 
opportunity. In fact, Alan Stern, who was at one 
time the director of NASA's Space Science Division, 
once looked at me and he said: “Do you know? The 
number of people doing SETI around the planet 
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Dr Ellie Arroway detects a SETI 
signal for the first time in Contact. 
The film was adapted from Carl 
Sagan's novel of the same name, 
which was largely influenced by 
Jill Tarter's life and career 


“We'te looking for signals that are 


compressed in time, bright flashes that last 
a billionth of a second or less" 


could be squeezed into a single phone booth.” 

That's tens not thousands; that's the entire SETI 
professional community in one phone booth. Sure, 
you have a massive army of volunteers processing 
our data via the SETI@Home project, but in terms of 
professionals, it’s a very rare career but an extremely 
interesting one. 


How has Frank Drake's equation evolved? 

So the Drake equation is not an equation in the 
normal sense. You can't calculate anything with it 
because it’s all about assumptions. It’s just a great 
way to organise our ignorance. So when people say 

it needs to be revised or it needs to be interpreted 
differently, I just say it's a framework for thinking 
about what we want to discuss. It's for looking at 
what we think we know about the cosmos today 

and thinking about how this might relate to either 
the favourable possibility or rule out possibilities of 
extraterrestrial technologies, but I still think you can't 
calculate anything with that equation. We need to 

go and look and we just need to use it as a guide for 
how to look. There's a great quote from Phil Morrison, 
one of the authors of the first paper on SETI back in 
1959. Morrison said: “In any scientific endeavour or 
exploration where the error bars are in the exponent, 
it’s an observational problem and not one that's 


going to yield to theory.” So there’s so much that’s 
unknown that it isn't just the answer is X plus or 
minus a little. It's X to some unknown power. We just 
don't know that this is a problem that needs to be 
approached observationally, experimentally. 


How are the advances in astrobiology and the new 
telescopes that search for exoplanets affecting 
SETI's work? 

There have been two game changers in my career 
and they're both fabulous; one is the detection of 
exoplanets. When we started we did not know if 
there were planets around other stars anywhere. 
Now we know that there are more planets than 
stars. That's a huge shift in our understanding. The 
second game-changer is the organisms that we 

call extremophiles. These are organisms, mainly 
microbial but sometimes quite large, that live in 
environments that we once thought impossible to 
support life. So when I was learning about what's 
possible, I was told that life could exist between the 
freezing and boiling points of water; it could exist 
at about one atmospheric bar of pressure; it had to 
have sunlight; it needed a neutral pH; and it couldn't 
be very basic or very acidic. Well now we know 
that’s all wrong. Life can live in ice. Life can live up 
to 130 degrees Celsius (266 degrees Fahrenheit). 


www.spaceanswers.com 


Jill Tarter 


“The 21st century is not just the century of 


biology but also the century of biology on 


Earth and beyond" 


Life can live in the boiling battery acid of volcanic 
environments and at the bottom of the ocean or 
deep below the surface of a planet, where there's no 
sunlight and there is huge pressure and intense heat. 
These organisms have found ways, over billions of 
years of evolution, to live and thrive; it’s us who have 
been narrow-minded in our thinking. The next step 
is to find out whether any of it is actually inhabited. 


Science is starting to study biology beyond Earth. 
What do you think the 21st century has for SETI? 
I think that the 21st century is not just the century 
of biology but also the century of biology on Earth 
and beyond. I think this is the century where we 
will have the opportunity to understand, within our 
own Solar System, whether there’s been a second 
genesis. Whether there is any other life of any kind, 
and it’s the century in which we should be able to 
build tools to remotely observe the atmospheres of 
some of these exoplanets that we're detecting. We 
may be able to probe the atmospheric signatures for 
biosignatures, for atmospheric constituents, trace 
gases, which we think requires a biology on the 
surface in order to be generated. It's a really difficult 
question because what if it's biology not like us? 
What if its life as we don't know it? We certainly 
have a hard time in knowing what we're looking for. 
We know one way to make life. Biology as we know 
it, but what about biology as we don't know it? But 
we should be able to build tools that will show us 
the details of the atmospheric composition of nearby 
exoplanets within this century. But sending humans 
to another star and trying to see whether another 
planet is inhabited... I think it's probably going to 
take more than a century for us to develop those 
technologies, if in fact we can, but people are working 
on that and it’s a really exciting question. As we try 
to solve those technological challenges, we will also 
find solutions to problems we have here on Earth. 


How much of the character from Carl Sagan's book 
Contact can you recognise in the mirror? 

Carl Sagan wrote a book about a woman who does 
what I do. Carl and I were colleagues and in fact, 

I'm pretty prototypical of women my age who have 
gone into non-traditional fields. I'm pretty common, 
let's put it that way. After my PhD I was invited to 

a meeting in Washington, D.C. by the American 
Association of University Women. The backdrop 

for this meeting was the fact that Senator Ted 
Kennedy was introducing a bill into Congress to 
provide additional support to the National Science 
Foundation. This was to set up programmes 

for women who had a step back from their 
engineering and science careers to raise 

families; if you step out of this career for 

any length of time there's a lot of catch-up 

that you have to do. So here was funding to support 
women to come back, retrain and come up to current 
levels of knowledge. A great idea! So the AAUW put 
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on this meeting and brought together 80 young 
PhD females in all kinds of fields: biology, chemistry, 
geology, astronomy, physics, engineering. I walked 
into a room for the very first time in my life that was 
filled with women only; very smart, dedicated and 
passionate women. I was shocked to realise it had 
never happened before and I was galvanised. 

It was phenomenal to be in this powerful and 
very inspiring group of women. We sat down and 
we Said: “Okay, how did we get here? How did we 
get to have PhDs when so many other women have 
not made it through the pipeline?” Then we found 
that we had a number of things in common that you 
might not consider. Here is one: we were all nerds 
before there were nerds, right? It was also pre-Title 
IX, which was legislation in the US that said if you 
receive state or federal funds and you have a sports 
team associated with your institution, you need to 
provide an equivalent sports opportunity for women. 
When I was at school we had no female teams. It was 
men that got to do these competitive things and yet 
we're all sitting there, competitive by nature, so we're 
competing in our grades and our courses and we're 
doing well... But what else could you compete at? 
You couldn't play for a football team, but you could 
compete to be a cheerleader or a baton twirler. So the 
majority of us had been cheerleaders or baton twirlers 
because it was the only outlet for competition. 













Citizen volunteers 
across the world 
help to process the 
SETI data through 
the SETI@Home 
project. You can 
get involved at 
wwwssetiathome. 
ssl. berkeley.edu 





Dr Seth Shostak (above) is a SETI astronomer and hosts 
one of SETI's weekly radio shows, Big Picture Science. He 
has also written four books about extraterrestrial life 
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We also learned that for many of us, our fathers 
had been the one who inspired us and they had 
died when we were young. We all learnt this very 
important lesson: take advantage of opportunities - 
we learned that much earlier than women typically 
mature into that understanding. So we were all trying 
to take advantage of opportunities and there were a 
number of other things like this. I sent that study to 
Carl. So yes, he knew that my dad had died but he 
also knew that it was not an unusual circumstance 
for a woman in a traditionally male field. 


What kind of effect do you think confirmed 
extraterrestrial intelligence would have? 
Ultimately, I think the detection of extraterrestrial 
technology and eventually intelligence will have 

the same impact as the Copernican revolution, or 
the Darwinian revolution. But I think like those 

two big game changers and paradigm shifts, it will 
take a while to actually have its impact. Allowing 

us to appreciate that we are here on one planet and 
there's something else out there that has evolved 
independently, will have the long term effect of 
making us see ourselves as all the same, of driving 
home this idea that we are Earthlings. The idea of 
cosmic solitude would be, in fact, eliminated if we 
found that we had neighbours, but more so due to 
the tribalism that we still embrace on this planet. We 
still think of ourselves as nation states and this planet 
needs to be managed globally. We really do need to 
be able to step back, gain a bigger perspective and 
make wiser decisions if we're going to survive! 


The SETI's Allen Telescope 
Array, located in Mountain 
View, California, is always 
on the look out for 
extraterrestrial signals 
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“An extraterrestrial visit means we're not 


setting the rules because they can get here 
and we can't do that yet" 


What kind of effect do you think an 
extraterrestrial visit would have on our world? 
Well let’s get real. A visit means we're not going to be 
setting the rules because they can get here and that's 
something we can't do yet. That implies perhaps, 

a number of other technological capabilities that 

are superior to those that we have. So that means 
that they're going to be writing the rulebook. The 
question is, should we be afraid of those rules? Or 
should we expect that those rules will be fair? There's 
something called metha law that we've begun to 
think about. So what is the right set of rules and 
structures for two cultures that are totally different? 
There's the golden rule: I would like you to treat me 
the way you would like to be treated - but that might 
not be the way I want to be treated. 


Do you think that technological evolution could go 
along with an intellectual and spiritual evolution? 
Iam much more prone to that idea myself, so for 

me, Stephen Hawking is correct. If they come here 
they're going to write the rules, but does that mean 
that the rulebook is going to be disadvantageous 

to us? I'd suggest that if they have that technology 

to get here, they are older than we are and they 


have gone through more cultural evolution of their 
species then we have. But even as a very young and 
emerging technology, our species today is kinder 
and gentler than it was thousands of years ago and 
this is research that both Steven Pinker and Michael 
Shermer, in the US, have been doing recently. We call 
it forensic anthropology: going back and figuring out 
what percentage of the population died violently by 
interaction with our neighbours over historical aeons. 
And we find that the raw data for the number of 
violent deaths per hundred thousand people today is 
in the tens, while in history it was in the hundreds. 

So even though when we turn on the news we see 
people dying in wars, disasters and more recently 
terrorism, there are so many people on this planet 
that, statistically, it's a much smaller number than in 
history. So Pinker argues that cultural evolution leads 
to better behaviour and we hope that concept would 
continue. So, as you suggested, an older technology 
might also be a more benign and benevolent one, but 
it is true that they will write the rulebook. 


I have read there has been a recent explanation for 
the Wow! signal... 
We're actually working with a gentleman who's 
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been writing for decades about that signal and he's 
been applying for time at radio telescopes around 
the world. That signal is an experiment in very early 
times with very poor computing skills, and it was a 
very strong signal, but they were not set up to figure 
out what it was. In fact, I spent my entire career 
trying to design observing protocols so that we won't 
have any Wow! signals. 

We do our observing in real time; we immediately 
follow up a signal with tests that can help us decide 
whether the signal is really coming from a distant 
star or if it is some sort of terrestrial technology. 
Now, I don't know what the Wow! signal was. I'm not 
particularly persuaded by it because they didn't do 
the right test. We're actually using Allen Telescope 
Array right now because we've worked with this 
gentleman, Bob Gray. He's proposed a series of 
observations which will do a very good job of - 
assuming that signal is not found again - excluding 
a huge amount of parameter space for the so-called 
transient signal, and it makes such an improvement 
over what we can exclude today that we thought it 
was worth the telescope time. But actually you're 
making the point that the one thing we are very 
poorly set up to do is detect transient signals, 
to verify transient signals; these signals happen 
for a short period of time and then don't happen 
again. We'd love to be able to build telescopes at all 
wavelengths that looks at all of the sky continuously, 
so that when something shows up we won't miss it. 

There's another reason for doing this right now 
with radio telescopes, because of something we call 
fast radio bursts. They are a kind of transient signal 
and there may be thousands of them per day, but 
they only last a millisecond and if you aren't pointing 
in the right direction, you won't see it. So a SETI 
signal might be transient. It might be that there's 
some technological civilisation that has a beacon and 
they're trying to attract attention, but they've got a 
long list of places where they think biology might 
be. They've been able to see the biosignatures in our 
atmosphere, so they transmit in our direction for a 
while before transmitting in another direction. The 
signal would be there for a short time and eventually 
it would come back, but we have no way of knowing 
when; as we're not looking at the whole sky all of the 
time, we would miss it. 

That’s in the future for SETI; we know how to 
do it intellectually, but it takes a large amount of 
computing power in the radio and in the optical. 
There's a young man at SETI who is prototyping a 
big wide-field camera which, if you put six of these 
in various locations around the world, could allow us 
to be on the air all of the time. In optical it will have 
to be night, but you could begin to do this “all sky, all 
the time” observing for bright transient events. 


Some people suggest that extraterrestrial evidence 
is or would be hidden to the broad public by the 
government. Could you explain the protocol that 
would follow the detection of extraterrestrials? 
Can you imagine a government that could actually 
consistently conceal something like this and not only 
in one country but in all countries? I think people 

are a bit naive when they make that assumption. 
Nevertheless, at the SETI Institute we have long been 
of the mind that any signal that we might detect 
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Jill Tarter of the SETI Institute 
believes that as technology 
gets better and faster, we are 
becoming more capable of 
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“We know one way to make life. Biology as 


we know it, but what about biology as we 


don't know it?” 


is the property of humankind. It isn’t coming to 
California, it isn't coming to the United States. The 
signal is coming to the planet, so the planet deserves 
to know about it. So we have set up a series of steps 
like any scientific protocol, like the scientists did 
before they announced the gravitational wave from 
LIGO. They took the data and subjected it to every 
possible check they could think of to make sure 
that it was real. For them, the really important thing 
was that the signal wasn't detected in one place, it 
was detected twice in different places and with the 
appropriate time delay between the two. 

We can do the same kind of thing with an 
interferometer; we will go through all of our 
equipment and will call up another observatory to 
the west and say: “Okay, can you use a spectrum 
analyser to look at that particular place in the sky, 
in this particular frequency, for this particular signal 
and, of course, do it discreetly”. I'll call the director 
and try to get some discretionary time, but can you 
confirm independently what we found, because that’s 
actually necessary in this world where people take a 
great deal of pleasure out of hoaxes. We worry about 


the smart undergraduates who might think that it 
would be fun to create an artificial signal that could 
fool us, and so an independent confirmation should 
be in your bag of tricks if you're really serious. Then 
we would hold a press conference and tell the world. 
We actually do have a ‘fill in the blank’ template for a 
discovery paper and we will fill in the blanks and we 
will send that off for publication. We plan for success! 


You're an important scientist that Time magazine 
named in the 100 most influential people. But 
how does it feel to be called an “alien hunter”? 

It's not so bad. My colleague Seth Shostak even wrote 
a book about his life, Confessions Of An Alien Hunter - 
an editor really thought that title might bring in more 
sales. As soon as I started doing SETI I knew that I 
was doing something that everybody was interested 
in and that could potentially impact the whole world, 
but some people were against it. That still surprises 
me, but the fact is that most people are really curious 
about it. So I don’t care what you call me as long as 
you fund the research and we go on trying to figure 
out what is really out there. 
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The International Space Station (ISS) is nearing the 
end of its life. Arguably one of humanity's most 
co-operation, the ISS has been built up in modules 
since late 1998 and has been continuously occupied 
since November 2000. It is the largest spacecraft 
ever built with an internal volume of 915 cubic 
metres (32,333 cubic feet): equal to that of a Boeing 
747. That's five-times larger than the American 
Skylab station of 1973-79 and four-times larger 

than Russia's Mir Space Station (1986-96). But once 
the ISS comes to the end of its useful life, private 
companies are standing by to replace it with a 
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structure more impressive; one that hopes to address 
some of the problems of all space stations before it. 
Built by NASA, Russia's Roscosmos and the 
Japanese, European and Canadian space agencies 
(JAXA, ESA and CSA respectively), the ISS’ original 
purpose was to serve as an orbiting scientific 
laboratory, observatory and experimental factory. 
It was also intended that the station would act as a 
staging post for any manned missions deeper into 
space, such as back to the Moon, an asteroid or Mars. 
In the 16 years since they've lived and worked on 
board the station, ISS astronauts have conducted 
studies involving materials and fluid science 
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in microgravity (weightlessness), cosmic rays, 
astrobiology, space medicine, space weather, 
extremophile life forms and long-term human 
spaceflight and its effects. The station has also 
proved an ideal Earth-observation platform for 
monitoring weather, agricultural regions, forests, 
coral reefs and atmospheric phenomena. Astronauts 
such as Canada’s Chris Hadfield (the ISS’s former 
commander) and Britain's Major Tim Peake, 

have raised the station's public profile with TV 
appearances, social media and educational feats. So 
what might the next-generation space station look 


like? Something out of science fiction, if Washington, 


D.C.-based company United Space Structures (USS) 
has anything to do with it. One of their planned 
space habitats resembles ‘Starbase 1’ from the Star 
Trek films and would easily dwarf the ISS. 

All past and present space stations, including 


China’s Tiangong Programme, have a major problem. 


As USS cofounder and CEO William Kemp explains, 
“These stations are ‘microgravity environments’ 
and so are detrimental to long-term human health.” 
But as weird as it sounds, Earth's gravitational 

field strength 400 kilometres (249 miles) up - the 
typical orbital altitude of the ISS - is still 90 per 
cent of what it is at the surface. The reason that 
Space station, Space Shuttle and other low-Earth 
orbit astronauts appear to float is because their 
vehicles are in perpetual free-fall around Earth. As 
they move forwards, the Earth is constantly curving 


away underneath them, which they have to follow to 
stay in orbit. So even though there's gravity at these 
altitudes, it isn't useful to astronauts. That's a big 
problem for long-term space travellers as the human 
body hasn't evolved to deal with microgravity for 
long periods. Fluids shift around in astronauts’ 
bodies, which can affect eyes and other organs; 
faces can become puffy, and the loss of bone density 
and muscle mass is a well-known phenomenon. 
Counteracting some of these effects is why 
astronauts spend so much of their time exercising. 
Kemp and his partner Ted Maziejka aim to solve 
a lot of these issues with their structures. The 
company has designed cylindrical structures (their 
‘Gaia class’ habitat) as well as torus-shaped ones. 
“The ISS is 100 metres (328 feet) in length. Our 
medium-sized station is 100 metres (328 feet) in 
diameter and 500 metres (1,640 feet) in length; it 
will contain 2.8 million cubic metres (98.8 million 
cubic foot) of habitable volume,” Kemp says, which 
is over 3,000 times that of the ISS. “These structures 
are built to spin to create artificial gravity. Our 
smallest station is 30 metres (98 feet) in diameter.” 
So by utilising the centripetal effect (the outwards 
‘throwing’ force you feel on a child’s roundabout) 
they'll create something akin to gravity. The 
30-metre (98-foot) station that Kemp mentions is the 
minimum size required to create 0.6-times Earth's 
gravity, which is the minimum required to keep 
astronauts healthy for long-duration stays in space. 


But constructing the ISS was a huge challenge 
undertaken by five nation states. A station of the 
kind that Kemp and Maziejka want to build is far 
larger. How do they hope to accomplish it? With 
innovative materials and construction techniques. 
“The majority of the structure will be composed 
of polymer-based composites and carbon-fibre 
materials. The exterior will be clad with a metal 
foam material,” says Kemp. Metal foam is being 
investigated by militaries as protection for soldiers. 
Such a material would help with a potentially 
lethal problem: impact with high-velocity debris. 
Earth's orbital environment is filled with man-made 
space waste; much of it travelling at thousands of 
kilometres per hour. The effect that such debris 
could have on a space-borne structure is potentially 
catastrophic - a small chunk could rip a craft apart. 


“The water stored in the double hull will 
be for human consumption but will also 
provide ballistic protection against debris” 
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The work will be held firmly 
in place with greater precision 
than a human could achieve. 


© Stereoscopic camera | 
| Ground-based controllers are 

able to accurately gauge the 

work in three dimensions. 


SpiderF ab: how to spin a space station 


This multi-arm robot is designed to quickly build large 
structures in space instead of astronauts 
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Extruding as required “— 
The extruder spools out the exact amount L » 
of material required from a storage drum on — 


the robot's back, like a spider weaving a web. 








Holding things in place 

For an accurately built station, it's critical 
that each of its structural components is 
held together exactly. Robotic arms will 
Teal (\ ema CMW Merion 





Inspecting components 

Before the final stage, it's 
important that the placing of 
components is checked from 
datome4col ele MAUI Mai-la\ nse oot By 
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and extruder 
This will spool 
structural material, 
such as carbon 
fibre, from a drum. 
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This glues or 
welds components 
together one after 
another to build 
up the structure. 


Welding in place 
Once the accuracy of / | ek 
components’ placement is | | 
verified, the final stage can rt 
begin. The pieces are welded | | 
together by a robotic joiner. iY 
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How will the next-generation space station weigh 
up against the one that's currently orbiting Earth? 





NASA's International 
Space Station 


USS' Space 
Mushroom 





|g (Oh) 





V Already exists as a proven, 
functioning space station 


V It could have much more room than 
the ISS 


V It could generate its own pseudo- 
gravity through rotation 


V Its modular design makes any repairs 
easier to perform 


V It could act as a ‘waypoint’ for space 
tourists or deep-space explorers 


V It's large enough for astronauts to 
move around, live and work in 


V Designed to last over 50 years V It’s a dramatic example of nation- 
states co-operating together for a | 


common good ISS 


The International Space 
Station is currently 

the largest space-borne 
structure ever built. 


CONS 





x It would be a formidable structure to 1 


build in space 


® It only has a lifespan of around 15 
years, which it has already exceeded 


» The ISS cannot generate its own 
artificial gravity 


* It presents a larger surface area to 
any orbiting debris 


» It would require many more ground 
launches to supply with food, water 
and pressurised atmosphere 


» Astronauts are still exposed to five 
times as much solar radiation inside 
the structure as airline crew 


| Space Mushroom 
The United Space 
Structures’ habitat will 
dwarf the International 
Space Station as well as 
the Space Shuttle. 


sa cay 


» It's in constant danger of catastrophic 
damage via space debris 


» Construction is yet to begin 





Sizing up a super space station 


Ee 
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oon USS Gaia 





Salyut 1 Skylab Wits lon aE latexoaloae 

Length: -20m Length: 26m Ried eed meyit-4ds tm Olsda0 Length: 10m Class Habitat 
MN eCold emer ee Width: 17m Width: 19m Width: 73m Width: 3m Length: 500m 
Launch: 19 April 1971 Launch: 14 May 1973 Launch: 20 Feb 1986 Launch: 20 Nov 1998 Launch: 29 Sept 2011 Width: 100m 
As of 2016, just nine Skylab was the United The Russian word for The largest single The unmanned, Launch: N/A 


structure ever assembled 
in space, the International | 
Space Station has 


idee dbl etm are) 8l=1-18) 
launched successfully as 
orbital space stations. 


States’ first orbital space 
Station. It was launched 
unmanned, with a total of 


peace and freedom, ‘Mir’ 
was the first modular 
space station; it was 


The Soviet Union's Salyut | three manned missions constructed in seven been occupied since 2 
1 was the world's first, to the space station while | sections over a period of | November 2000 and can 
in 1971. it was in orbit. e]a Vor ee | be seen from Earth. 
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experimental Tiangong 
lis - alongside the ISS - 
the other space station 


ae ae 
China hopes to replace 
| it soon. 


A launch date isn't 
applicable for this 
station as the company 
aims to build it in orbit 
using robotic, additive 
Meee ene le lates 








Replacing the ISS 











Inside anew . 
space station 


United Space Structures intend for their 
habitats to have a multitude of uses ei) ae 


Planetary environmental 

| and climate research 

A long-term space habitat could 
give occupants unprecedented 
views of a changing Earth. This 
data could help climatologists 
catalogue the extent of climate 
change in a way never envisaged. 


© Biomedical research 

| Biology and medicine could 
benefit most from a space- 
based platform. The behaviour 
of biochemical processes in 
microgravity could be studied, 
and the mixing of fluids and 
powders could create new drugs. 








Mining vehicle/platform 

A constantly-looping ferry system 
would be ideal for space-mining. 
USS habitats could hoover up 
mineral-rich asteroids, comets 
and lunar material, acquiring 
useful minerals such as iridium, 
which is very rare on Earth. 





Settlement cargo vehicle & 
construction platform 

As an extension to being an 
interplanetary craft, the size of 
these habitats could allow all 
kinds of planetary habitation to be 
ferried around the Solar System - 
whether to the Moon or Mars. 


® Manufacturing platform 
Experiments on board the ISS 
have shown that fluids and 
powders react differently in 
microgravity. An Earth-orbiting 
USS habitat would make an ideal 
platform for new types of never- 
before-seen manufacturing. 


‘> Hotel/casino/3D arena 
USS' medium-to-large 
habitats would provide 
venues for travellers looking 
to stay in a space hotel, as 
well as opportunities for new 
kinds of sporting arenas not 
possible here on Earth. 





An experiment on board the ISS. Biology and 
medicine could benefit greatly from the USS station 


eae 





oltre banter) aaa 


The ISS was assembled over many years during 
Space Shuttle, Proton rocket and Soyuz (‘Progress’) 
launches. How would one of USS’ habitats be built? 
As Kemp says, “The structure will be completely 
manufactured by our six different robotic systems. 
The structure will be extruded in space, with 
additional materials added on top.” The extruded 


material will provide a scaffold upon which to build. 


“The structure is a double hull system with space 
in between that will be filled with water,” he says. 


When the exterior structure and hull are completed, 


the interior will be pressurised with air and then 
spun up; allowing the interior fit to take place by 
humans as if they were walking around on Earth. 
“Once the station is spinning it will continue 
to spin on its own. There could be some drag due 
to atomic oxygen in the upper atmosphere, but a 





thruster system will be used to keep the station up 
to speed,” says Kemp. The water stored in the double 
hull will be for human consumption, but like the 
metal foam, will also provide ballistic protection 
against debris. Together they'll serve another 
protective purpose. Cosmic radiation is a problem 
in space, particularly from the Sun, which emits 

a constant stream of charged particles. Although 
astronauts have some protection from Earth's 
magnetosphere, which acts as a radiation ‘shield’, 
cosmic rays are a continual health hazard. And 
beyond Earth's magnetosphere, radiation will be a 
major challenge. Apollo astronauts were exposed 
to such radiation when they ventured to the Moon, 
but they only had to contend with around a week's 
worth. On much longer missions to asteroids or 
other planets, there is currently little protection. 
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“Our Gaia class habitats will have considerably 
more radiation protection and they will be designed 
to last between 50 and 100 years, while the ISS 
is only usable for around 15 years,” says Kemp. 
“Water will be one means of radiation protection, 
but the exterior metal foam is another. It is very 
effective against all forms of radiation, including 
gamma and cosmic rays. And we will also employ 
a ‘Faraday cage’ system that will help to mitigate 
radiation further.” A Faraday cage protects against 
electromagnetic radiation and would shield 
astronauts against microwave radiation. All of these 
measures will be important for astronauts’ safety if 
USS habitats are ever used as deep space craft. A USS 
‘Solar Explorer’ habitat is designed to be entirely self- 
sustaining for this purpose: a ‘closed-loop’ system. 

But back in Earth orbit, who would use a Gaia 
class habitat and how much would one cost to build? 
Kemp explains that the cost will depend on many 
factors including craft size and the type of interior 
fit required. “Assuming that we're talking about a 
medium-sized structure, I estimate a single station 
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Selec eye Bena 
A USS habitat could allow us 

to become an interplanetary 
species. A focus on long-term 
habitation, a rotating gravitation 
system and potentially enough 
room to grow food could create 
an entirely self-sustaining ‘space 
mushroom’. 





® Rescue vehicle 

| If humans settled 
on another world, 
Nat R=mYVe)eL (eM sl=-MarelaNs 
chemi) meele) (elas 
be overcome simply 
by returning to 
Earth. Astronauts 
VVolU (eR ae \Vom Kem 1s 
for Earth's optimal 
position in order to 
leave. A constantly- 
orbiting USS habitat 
could act as a long- 
term lifeboat and ferry 
astronauts back safely. 





Looping space ® 
AEST 
Craft that travel beyond 
Earth accelerate and break at 
their destination using retro- 
rockets. This uses a lot of 
energy. A ‘constantly-looping 
ferry’ could go around the 
Earth and Moon in perpetuity. 
Ground-based rockets could 
take astronauts, materials or 
equipment to the ferry. 


should cost between $15 and $20 billion (£11 and £15 
billion).” By way of comparison, One World Trade 
Center in New York cost $3.8 billion (£2.9 billion) to 
build and a single, British Vanguard-class nuclear 
submarine costs £1.5 billion ($1.9 billion). The ISS 
cost the equivalent of around £63 billion ($82 
billion) to build. But Kemp says, “Once space mining 


Starts and in-situ material from space can be utilised, 


the costs could go down dramatically.” Per cubic 
metre of interior volume, a Gaia class habitat would 
be much cheaper to build than the ISS anyway. 
Kemp and Maziejka plan to let these habitats on 
a long-term lease, so potential occupants wouldn't 
have to buy them. They intend to provide stations 
for the international community: individual nations, 
groups of nations, companies or other groupings. 
They'll be used for Earth monitoring, medical and 
scientific research, recreation and space mining. 
“Our wish is to provide everyone with access to 
these properties and allow for the expansion of 
humanity throughout the Solar System,” says Kemp. 
“For people to live in them as long as they desire.” 


Replacing the ISS 


Creating artificial 
gravity in outer space 


Making ‘fake gravity’ is simple from a 
physics perspective, but engineering- 
wise there are some things to consider 


Weightlessness has 
elegant Roaise ks 

Although weightlessness 
(microgravity) is fun, in the long term 
it is bad for an astronaut's health, 
reducing bone and muscle mass and 
slowing cardiovascular function. 


We can't make true gravity 
The exact nature of gravity is still 
unknown to us, So we are unable to 
generate it in its truest sense. 





Duplicating a force 

Rotating a structure generates 
what is called the centrifugal effect 
- an outward force like you would 
experience on a child's roundabout. 





: : Abaco) iayoM dali ateeMelel aN] ae ts 

: Thecentrifugal effect throws 
everything outwards, keeping things 
AA Mn -Willake Reece ch 


“4 Seen Cone cokaelay(= 

~ On board a rotating space station, 
anything thrown straight upwards may 
appear to move in a curved direction. 


cae oRe lace ALUa Re Flan eieels 
A circular space station's diameter 
would need to be reasonably large 
for astronauts not to notice much 
laces a@=M eel V8 





























The next-generation space habitats could be self- 
sustaining, making Mars a viable destination 
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Multiple limbs 

Six identical limbs provide 
support and manipulation for 
ATHLETE, giving six degrees 
of freedom: three motions and 
three rotations for the wheels 
and tools at the tips. 


Central chassis 
Constructed as either a single 
hexagon or two connecting 
triangles, the central chassis 
is the basis for the six limbs 
and would carry the cargo or 
exploration payload. 





Grappling 


' JPL has even looked 


at equipping ATHLETE 
with a grappling 
system so that it would 
be able to scale vertical 
terrain, making it a true 
_ go-anywhere robot. 


“ATHLETE could drive up to a 
cargo lander, lift off the module, 
cart it over to its desired location, 
regardless of terrain, and install it” 


Cargo module 
Standardised modules would 
be used for landing supplies 
or base components on other 
planets, so the handling 
robots could always collect 
whatever payloads arrived. 















Wee Se The truth is out there, according 
We. One Se eee _to2l astrophysicists, planetary 
\ ' ee Pe and astronomers _ 


» Interviewed by EVA Te To) rea 








www.spaceanswers.com 








0.01 milliseconds 


ad 
Vv) 
[a 
ee 
a 
= 
— 
ee 
a 
a 
rs 
\e) 
ee 
a 
W) 


The Big Bang 

Straight after the Big 
Bang only energy exists. 
aaa eeee CMe il ecey a 
and equal matter and 
anti-matter are produced. 


Protons and neutrons 
Protons and neutrons are 
formed. As antimatter and 
matter interact, it leads 

to an annihilation of each 
other, releasing energy. 


100 seconds 


Matter-antimatter 
imbalance arises 


ai 





> It was destroyed after the Big Bang 


Antimatter 
and matter 
are supposed 
to be created 
in comparable 
abundance. 
However, almost 
all matter 
observed from 
Earth seems to be made of matter 
rather than antimatter. Where did 


» 
Dr Aihong Tang 
Brookhaven National 
Laboratory, New York 








Can light escape black holes? 


Black holes 
were first 
unambiguously 
identified in 
OhimceIEb ey 
more than 40 
years ago. Since 
id atcy emma ntoa a BreN(= 
been found 

in vast numbers both in the Milky 
Way and also at the cores of pretty 
aplOLel a Moa clava ee leomer eb aya dae lae a rel 
been studied in detail. The holy grail 
of observational research in this 
field is to obtain an ‘image’ of the 
immediate surroundings of a black 
hole and to observe the flows of 
matter around it. All of our theory 


Dr Poshak Gandhi 
University of 
NOMA CElem ele 
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antimatter go? Antimatter was either 
destroyed within a second after its 
creation in the Big Bang, or, the Big 
Bang made antimatter in a distant 
universe that is far beyond our reach, 
and our visible world happens to be in 
a Matter zone. 

The first possibility could be caused 
by the possible tiny asymmetry 
between matter and antimatter, and 
it is being studied by accelerator 


tells us that nothing cai 


from the event horizon 
hole, not even 
how a black hol 


Gamma-rays 
closer to black hole 
Who knows what we ft 


400 million years 


Matter dominates 

A tiny imbalance leads 
matter to dominate over 
animatter. This happens 
before the first stars begin 
to form 400mn years later. 


Where did the antimatter go? 


Space mysteries 
A EE 


13.8 billion 
sore 





spacecraft speed 
up near Earth? 


> It may be due to 


ry . y, 7 
STREET ACe am Celery the Earth's spin 
ai ae-w eel COR i There are several 
nar 1ae=)me- aCe Rr-lal nara elem eaiciaate 
the visible universe today 
explanations. 


- itis composed almost 


entirely of matter. Possible effects 


contributing to 
} this phenomenon 
include the 


Dr Luis Rodriguez 





he atmospheric 

I ITINTGIKX GIT AIL STCLAY 

| Mathematics, Spain drag of low orbit 
trajectories; 


ocean and solid tides; charging and 
magnetic momentum of craft by solar 
wind; overlooked general relativity 
phenomena; or thermal radiation. 
Perhaps it is a strange dark matter halo 
around the Earth. Also perplexing is 
the phenomena's disappearance in 
flybys since 2005 - perhaps 
new data from the 
Juno craft could 
reveal the cause 
for sure. 


experiments. The second possibility 

is being explored by balloon and 
space-based experiments - a recent 
famous one is the AMS-O2 experiment 
mounted on the International Space 
Station. In those experiments, 
scientists are looking 
for tiny fragments 

of primordial 
antimatter in 

cosmic rays. 





ee 
Va ee a es 


The accelerated expansion of the universe 
is thought to be driven by a dark force that 
comprises around 75 per cent of the energy of 
the cosmos, and which possesses a strong, 
gravitationally ‘repulsive’ tension. To date, 
it appears to resemble a cosmological 
constant - a perfect sea of constant, 
uniform energy and tension - but 
AUN GO nCc) Mpa NTcr-FoLBD Kon (oONLES 
are needed. 
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Space mysteries 


Is dark matter 
hot or cold? 
> We think it's cold 


We're on the 
lookout for cold 
dark matter. The 
temperature 
refers to the 
_» speed of dark 
“Se matter particles. 
im Cold dark 
3 © matter particles 
sit still, while hot particles zip about 
- this speed mattered when they 
emerged from the Big Bang. Most dark 
matter was tepid, creating lumps that 
eventually grew into habitable galaxies 
like the Milky Way. The particles then 
fell into galaxies, picking up speed. 
Today, underground particle detectors 


Where do 
cosmic rays 
come from? 
> Mostly from 
ploding stars 
| Cosmic rays are 
charged particles 
travelling near 
the speed of light 
from outside the 
Solar System, but 
some come from 
: our Sun. They are 
ees “8 mostly made up 
af the ates ae atoms from the lightest 
elements of hydrogen and helium, 
to the heaviest elements of iron and 
uranium. A small fraction are made of 
electrons and subatomic particles and 
there are a few particles of anti-matter: 
positrons and anti-protons. 

Cosmic ray particles are generated 
by supernovae explosions in our 
galaxy, with a small amount coming 
from flares on our Sun. Since these 
particles are charged, the magnetic 


field of the galaxy redirects cosmic 
rays so that Earth is bombarded by 


was the 
Wow! signal? 


SO) ame cht 


gra of The Elusive Wow: Searching for \ | 
Extraterrestrial Intelligence | 
The 'Wow"' signal is one of the best candidates 
, fora radio signal from the stars ever reported- | | 
" erate BrP BIA CR Osceola BevleltiCmds( Come 
\ Ove (BoM V Mo oobin secre mele ae 
| ’ N also might have been something likea_ ( 
SM Tei Ta vost TUTOR LcBUCeCceR CoN TTCct es 
ae to for longer to (maybe) 
mS coma 


are still looking for cold dark matter 


these particles. Luckily, our magnetic i 
particles known as WIMPs. | 


field and atmosphere protect us. 


eel fe gravity? 





proportional to the object's mass. 
Something as big as the Earth has 
enough gravity to keep us pulled 
down to its surface, and the Sun has 
enough gravity to keep the Earth 
orbiting around it. The mathematics 
of gravity were first described by 
Isaac Newton in the 17th century, 
while Albert Einstein, about 100 
years ago, showed how gravitation 
could be better understood as a 
warping of space and time. 


Gravity is the 
Ullateer liom iene 
of attraction 
throughout 
the universe. 
Everything 
_ with mass also 
NASA Spitzer ——has gravity, 
Sci a including stars, 
ae and even people. The pull 
of an object's gravity gets stronger 
as you get closer and its strength is 


WAU Ree mC UMM coe ee lem La 
What is it? 


Einstein theorised 


Why is it Wel, How is it so aN pene i Cao cor =a tr Via al Do we need it? 


that gravity is more 
than a force of 
attraction between 
two masses. Some 
y=) CoWew ode MIke) EEK 
at work, but we're 
still not certain. 























Gravity is the fourth 
fundamental force 
yO] MMM =r 1(Co) ma Mall 
the others. A fridge 
magnet generates 
an electromagnetic 
force greater than 
ate Va 


fine-tuned? 

After the birth of 
the universe, gravity 
was strong enough 
to form stars and 

Pel Ey scm I WAlel ele 
them collapsing - a 
perfect balance. 


only pull? 

The rules of force 
say gravity should 
pull and push. But 
it only pulls, or so 
we think. Perhaps 
dark energy is the 
Svea atmo) nacm 


quantum theory? 


countered? 


Gravity prevents air 


iM UMORe Oral delan 

theory, So it is not 

a good explanation 
| fo) mode IA Aw 1a) 
| hypothesis may be 
_ found one day. 


| NEEM AVeel=tta 
| 
| 
; 


_ that.we could 


in the atmosphere 
from leaping into 
space. If it suddenly 
| disappeared, the 
atoms in our bodies 
may be scattered. 

» Could we adapt? 


There is a belief 


do something to 
diminish or enhance 
dom INES aoMe) 
gravity by building a 
ar IAA (eR 
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Space mysteries 


How big is the universe? 








DYacoenattanners takes some time to get from one entire history of the universe. The 
a slomcj VAM eo) maa Bl place to another. While this speed is volume within this distance is called 
universe is very incredibly fast, the universe is also the ‘observable universe’, which has a 
tricky due to incredibly large; light from some of radius of 46.5 billion light years. Ar e there other 
| the fact that the the most distant galaxies takes an The size of the universe outside of 
y= main method incredible 13.8 billion years to reach this is unknown, as we cannot see it, planets that 
Dr Luke Davies we have for us. Given the speed limit of light, but estimates suggest it’s 250 times rt 
University of Western exploring the there are parts of the universe that the size of the observable universe at could suppo 
TS ee light. are so far away that light has not had a staggering 420,000,000,000,000 intelligent life? 
As light has a finite speed limit, it long enough to reach us over the cubic light years! 


> It's quite likely 


= 7 ho: The Drake 


r ia ae equation is one 








€ ae  - 4 r : theoretical model 
eam 1bn light - Hubble Ultra ; = . for how common 
“ Pe , 3 Deep Field * « Se | planets are with 
ae | Edge of the OW) intelligent life. 
Whirlpool ov , ; observable Dacweseianstiae NASA scientists 
P Galaxy (M 51) a , , al universe ; ee suche are studying the 
- = m - 7 XP oration rogram fraction of stars 
, a ® ‘- : that have planets where water can 
.* . =_ 1 Antennae Galaxies a s exist as a liquid, and how many of 
. , all (NGC 4038/NGC 4039) > those have Earth-like atmospheres. 
oa ie a But only partial answers are available. 
a Andromeda Galaxy (M31) , | certain a Pa ain _- 
| Great Attractor ut they remain difficult to detect. 
Small Magellanic Cloud , if 
Centre of the galaxy = Large WefexellElale Ge) t(eh 
Edge of the galax 
Tanla :40 a 6 a 
ears «eae . i . 
Vi A P a. 
Pe ler | 
Pr. ait) ae Horsehead Nebula 
ae goatee (ats s 2 Re 
Alb... Boers Why is th 
a : 
) 7! Orion Nebula Berea ters y IS t e 
| Sun’ t 
= Rigel uns outer 


ac ioe Sie layer so hot? 
ve Miele > It's due to intense 


Pa oar Ral 6 Barnard's Star cleared ts magnetic fields 
universe's Cay ed | ; The Sun's outer 
: , atmosphere 
3.26 light | is over Imn°C 
ene Stars and galaxies are the prime candidates here, but (1.8mn°F), while 
it is a type of galaxy called ‘starburst galaxies’ that play } the surface is just 
Oort Cloud a major role. Starburst galaxies have a higher rate of 5,499°C (9,930°F). 


supernovae explosions and eruptions than a galaxy like 


Chloe Pugh  (@WElantaute 


] light Tea oe the Milky Way. Such eruptions blow holes in a galaxy, aaa ecaaiections 
Werle ¥ from which the ionising radiation can escape out Warwick, UK Rich 
and re-ionise the entire universe. In other words, “ ee eet 
massive stars in galaxies produce ionising flares and coronal mass ejections, or 
radiation, which then leaks out of magnetohydrodynamic waves could 
galaxies and re-ionises be transporting the energy; it is likely 


lela i nCoMUN OUD cl Rod to be both or something undiscovered. 
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Space mysteries 


Wel 
Feet w ills 


What is causing Tabby's/ "°°" 
Star to act so weirdly? 


outskirts of the protoplanetary disc from which the 
Solar System was born. The small number of objects 
still present in the inner belt shows that most of 
the objects were ejected, possibly due to the 
outward migration of Neptune. This should 
have left the outer belt intact, but the 


We've observed number of objects beyond 45 AU is 


stars that dim 
Thal og e401 Wear 
for a few days 
NiCd eV ESsl tbe eel 
MUN AE TTI 0 


Dim sioem Vleet 
University of 

Chicago, Illinois 
them. In those cases, we know the 
_ disc is coming between us and the 

star, blocking the light. As far as we 


can tell, Tabby’s Star (KIC 8462852) 
isn't young and it doesn't have a big 


disc around it. It's possible that there’s 


a small, cool disc in a wide orbit far 
away from the star, or that there’s 

a cloud of gas in the interstellar 
medium (the’space between stars). : 
that is passing along our line of sight 
and blocking the light. For both of . 
these scenarios, we have predictions 
for-what the light would look like at 
different Wavelengths during another 
big dip. Now we:are waiting patiently 
for another dip and will record data 
as soon as we see one to test both of 
these hypotheses. Stay tuned! - 


young and have ~ 
giant discs of gas 
Ehaelzelticiar- Tot beam 


Atari tia a eae ls 


KIC 8462852, or Tabby’s Star, exhibits unusual 
behaviour when astronomers look at its light curve 


Day 1,500 


Day 1,520 
You can see that 
damn MRO) 
Tabby’s Star 


‘ dimmed on day 


1,520 of Kepler's 
mission. 


1,520 1,540 
Day 1,540 
But what about 
Day 1,540? Here 
we see a triple 
ol oR Mia aian 
FE itae 
profile - a 

Sy Geena 
seen in other 
parts of the 
light curve for 
Tabby's Star. 


1,560 1,580 
Day 1,570 
Just 50 days 
later, a dip of a 
similar shape 
but a different 
magnitude 
occurred. Could 
amare emol=t 8 
caused by two 
different planets 
moving in front 
of the star? 


Cygnus 


virtually zero - the Kuiper 
aban 


eee 
(KIC 8462852) 


How did Saturn get its rings? 
—_ moons were ripped apart 


Imagine two ring 
particles - little 

chunks of ice - in 
contact with each 


other near Saturn. 


The planet's 
gravitational 
attraction is a 
little stronger 
on the particle closer to Saturn. This 
difference is called a tidal force and 
is closely related to the tides in the 
oceans. Because of tidal forces, it is 
difficult or impossible for a moon to 
form very close to a planet. 

Saturn's rings are probably the 
remnants of a large icy body that 
formed elsewhere and was ripped 


NY Luke Dones 
Southwest Research 
Institute, Colorado 


apart when it came too close to Saturn. 


In one scenario, a moon like Titan 
spiralled in through the disc of gas 
and dust that surrounded the young 


Saturn. The moon's icy shell could 
have been torn off, with the fragments 
going into orbit around Saturn and the 
moon's rocky core being swallowed by 
the planet. The icy chunks would have 
collided and spread, with the particles 
close to Saturn becoming the ring 
system and those that moved farther 
out coagulating into moons. 

In another model, a large centaur 
- a body that escaped the Kuiper 
Belt - was torn apart by Saturn's tidal 
forces during a chance, very close 
passage. And in a third concept, a 
moon of Saturn was destroyed by a 
comet impact. As in the first model, 
the fragments in these scenarios 
would have collided and formed rings 
and moons around Saturn. Though 
Cassini has vastly expanded our 
understanding of Saturn's rings, we 
still don't know which idea is correct. 
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What causes 


our galaxy to 
blow bubbles? 
> Its big black hole 


Fermi bubbles are 
inflated by hot 
gas and lit up by 
cosmic rays. The 

. black hole in the 
t. galactic centre 
can produce both 
when material 

' accretes onto it, 
creating violent outbursts of radiation. 
A competing theory involves a burst of 
Star formation, with the biggest stars 
exploding a few million years later. 
Both processes are intermittent; it’s 
hard to tell what happened and when. 


Douglas Finkbeiner 
Te CMY CAMO aASI9y; 
Massachusetts 
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_ white holes exist, 
but black holes 
~ are out there for 
resect sire 

holes are like — 

’ gravitational 
~ quicksand: they 
pull things towards them in the same 
way that all matter does, appearing 
to be nothing special. But when you 
come too close, ieee) terreRsant i 
has bent space and time so much that 
there is no escape. If you can imagine 
the opposite of quicksand, a normal 


Mim eri Bakthi! 
Bard College, 
New York 
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Will we ever be able to travel back in time? 


> Theoretically, yes 


Einstein's theory 
of relativity 

has some 
solutions that 

are sufficiently 
twisted so as to 
allow time travel 
to the past, such 
as wormholes 
and moving cosmic strings. Just as 
Magellan's crew went west around the 
world and arrived back in Europe, a 
time traveller can go toward the future 
and circle back through curved space- 
time to visit their past. If you built a 
time machine in 3000 by twisting 
Space-time, you could go from 3002 to 
3001, but you couldn't go back to 2016 
as that was before it was built. 

To know whether these machines 
could be created, we'll need to learn 
the laws of quantum gravity - how 
gravity behaves on microscopic scales. 
It’s why physicists find the possibilities 
of time travel so interesting. 


Prof J Richard Got 
| Princeton University, 
New Jersey 





patch of soil that lets nothing 
can emit what it contains, yor 


For much of the z 
existence of black S 
- but they are e Pelt 
varied than ever th 


die? Black holes could die by quantum 
mechanically metamorphosing it 


and seeking signs of these explosior 
could confirm if white holes exist. 


Space-time @ 
For it to work, an object needs 
to follow a world line through 
space-time that returns it to the 
Same co-ordinates that it was at 
before it set off. 
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———— ® Black holes 
A spinning black hole 

would create a powerful 
gravitational field that could 
warp the fabric of existence 
and loop space-time on itself. 


A closed timelike curve is 

a time travel loop. Einstein 
Said this would create a 
paradox - such as going 
back and killing your father 
before your birth. 























Time travel loop ® * 





- ® Quantum mechanics 
But quantum mechanics 

zl suggests small objects - 
- perhaps matter or information 
‘ <= could enter a closed timelike 
curve without a paradox. 
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Colliding universes may have caused it. The cosmos is 
currently expanding, and in the distant past it was much 
smaller and denser. In fact, by observing radiation left over 
from the early days and other astronomical phenomena, we 
can see that the universe must have been infinitesimally 
small about 13.7 billion years ago. However, since 
our notions of time and space break down in such 
unimaginably dense environments, we are still 
trying to understand what could have caused 
this point to begin the expansion we 
see unfolding today. 


Space mysteries 
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Red Spot so 
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Jupiter is a 
gaseous/fluid 
planet with rapid 
rotation, which 
causes the winds 
to organise 
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PAS 


DrAmySimon into bands of 
NASA Goddard Space easterly and 
Flight Center 


= ' westerly winds, 
but this also causes turbulence. 
Vortices (cyclones and anticyclones) 
are a natural feature of this kind 

of turbulent air flow; the Great 


Why do stars 
have different 
masses? 


> They were born 
that way 


Stars gain all 
their mass at 
birth, when they 
accrete nearby 
material in their 


N ri) gravitational 


Myoareriestoas influence until 
NMOddaiamusiiicaeam there is none left. 
OO ENGACES Stars have masses 
between one tenth and a few hundred 
times the mass of the Sun. At the low 
end, stars do not burn hydrogen as 
there is not enough mass to compress 
the material in their cores. At the high 
end, it’s unclear what limits their mass. 
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Red Spot (GRS) is an 
anticyclone, spinning 
counterclockwise in the 
southern hemisphere. 

It is more stable than an 
anticyclone on Earth as there 
are fewer disruptions, like land == in 
masses, to break it apart. It’s also a : 3 
confined by strong winds to not A i phi ~~ 
. ae OC 


nnXO\ om ne Me -lel able (omment-lenslemimcaycop] 
more stable. In essence, it is a storm 
ma ae | Ur Py 
rolling like a ball bearing in a moving | ; 
a Dr Rainer Kresken 
channel of winds. | 
| European Space Agency 


Pulsars are tiny (~20 kilometres, or 12.4 
miles), fast spinning, very dense objects 
| \ that have very strong magnetic fields. Like 
_ lighthouses, these rotating fields can 
\, direct periodic electromagnetic pulses / 
towards Earth, where they can - 


How would we recognise 


other life in the universe? 
> ra detect ‘man-made’ signals  —— 


amplitude-modulation might have a 
hard time decoding modern wireless 
communications. Indeed, compression 
techniques aim to make the signal as 
close to noise as possible - insofar as a 
signal is predictable, there's scope for 
more compression. Then again, many 
think ‘organic’ intelligence is a brief 
interlude before the machines take 
over so if we were to detect life, it's 
more likely that it would be inorganic. 


and the presence of the Moon. But 
Search for Extraterrestrial Intelligence 
(SETI) research is surely worthwhile. 
We are searching for non-natural 
radio transmissions from nearby 
and distant stars, the plane of the 
Milky Way, the galactic centre, and 
from nearby galaxies. But even if the 
search succeeded, it’s unlikely that the 
‘signal’ would be a decodable message. 
A radio engineer familiar with 


Even if primitive 
life were 
ubiquitous, 
‘advanced life 
may not be, as 
our emergence 
} on Earth may 
have depended 
» onmany 
eeasnecices such as the phases of 
glaciation, the planet's tectonic history, 


Martin Rees 
Astronomer 
Ie) el MONG 
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Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 





Courses available for enrolment all year round. 
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Voyager | 


Launched in 1977, NASA’s longest-running spacecraft continues its 
journey into the distant reaches of interstellar space 























When it comes to humanity's eternal passion for Mariner craft already launched by the time Voyager 
Geeta xep exploring the stars, few spacecraft feel as iconically was in its earliest stages of development. It would be 
representative as the Voyager 1. Launched just this experience that helped the Voyager programme 
Launch: 5 September 19/7 behind its fellow star-faring twin, Voyager 2, the develop into its own initiative outside of the 
Rocket: Titan IllE Voyager 1 craft remains one of NASA's longest serving Mariner plan. After an unusual decision to split the 
Target: Outer Solar System spacecraft. And with almost 40 years of mission programme into two craft that would launch almost 
time already clocked, Voyager 1 continues to help simultaneously, work began on both Voyager 1 and 
Operators: NASAY. Jee us understand the fabric of the wider universe as Voyager 2. With its primary mission to perform a 
Programme cost (including it travels further into one of the most fascinating flyby and study Jupiter and Saturn, NASA and the 
Voyager 2): ¢395mn ( £695mn) realms of space - interstellar space. Jet Propulsion Laboratory (JPL) used 16 hydrazine 
a ; The beginning of the Voyager story begins with thrusters, three-axis stabilisation gyroscopes and 
Finished construction: 1977 the work of its predecessor, Pioneer 10. At the end of referencing instruments to keep the probe's radio 
Length of mission: 39 years the 1960s, NASA was entrenched in the idea of the antenna pointed toward Earth as it travelled through 
: Grand Tour, a plan to send out a raft of robotic probes our Solar System. 
Launch mass: 815kg ( 800Ib) into the furthest reaches of space in order to better Designed to operate for decades, both Voyager 
Power: 4/OW | understand the fringes of our Solar System. However, 1 and Voyager 2 were also built to carry a special 
d with a $1 billion (£745 million) price tag, the Grand message known as the ‘Golden Record’. Carried on a 
3./m (12.1ft) high Tour plan ground to a halt before it even left the phonograph record, the Golden Record was designed 
gain antenna drawing board, but the concept of studying distant to contain important information should either 
giants such as Jupiter and Saturn would live on ina craft encounter an extraterrestrial culture while 
: new project - Mariner Jupiter-Saturn. exploring the deeper reaches of space. NASA used 
1.7m (5.6ft) average t The Mariner programme was already one of a 30-centimetre (12-inch) gold-plated copper disc 
human height } NASA's most successful programmes, with ten containing sounds and images selected to portray the 


In 1979, NASA turned 

Voyager I's lenses 

towards Jupiter and 

captured this shot of the 

Voyager 2 was launched before Voyager 1 due gas giant's monolithic Voyager 1's long-running mission has seen it study a 

to a difference in trajectories, with Voyager 1 Giant Red Spot variety of cosmic subjects, including the outer limits 
primed for contact with Saturn and Jupiter of the Sun's magnetic field 
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Interstellar spacecraft anatomy 


Much like Voyager 2, the Voyager 1 craft was designed to house a raft of highly 
accurate tools and instruments to help in its study of Jupiter, Saturn and more 

























Imaging science @ 
instruments 
The cameras and lenses of 
the Voyager 1 craft act as the 
eyes of the craft, providing 
the incredible photography of 
Jupiter, Saturn and beyond. 


@ Photopolarimeter 
System (PPS) 
The PPS instrument combines 
a telescope with a polariser to 
gather data on surface texture 
and atmospheric composition 
of Jupiter and Saturn. 





Infrared Interferometer @ 
Spectrometer (IRIS) 
Investigates both global and local 
energy balance and atmospheric 
composition. The IRIS became 
particularly useful when Voyager 1 
was studying the rings of Saturn. 


@ Cosmic Ray 
System (CRS) 
The CRS is used to determine 
the origin and acceleration 
process, life history and 
dynamic contribution of 
interstellar cosmic rays. 


Ultraviolet Spectrometer (UVS) @ 
Sensitive to wavelengths between 
50-170nm, the UVS has been designed 
to measure atmospheric properties, as 
well as measuring radiation levels. 


® Low-Gain 
Antenna (LGA) 
This now-disabled 
instrument was used 
primarily for communicating 
with Earth while the Voyager 
1 craft was still close by. 


@ High-Gain 
Antenna (HGA) 
The HGA transmits data back 
to large antennae on Earth via 
radio waves. The waves are in 
the X-band, with a wavelength 


Plasma Wave @ Z { | of about 3.6cm (1.4in). 
Subsystem (PWS) 
This measures the electron- 
density profiles at Jupiter 
and Saturn, as well as basic 





information on local wave- @ High-Field 
particle interaction, which Magnetometers (HFM) 
is useful in studying the The High-Field Magnetometers 
magnetospheres. are used to detect and study 
magnetic fields operating close 
to the Voyager 1's position. @ Low-Field 
Magnetometers (LFM) 


Unlike the Voyager 1's HFM, 
the Low-Field Magnetometers 
are used to study the magnetic 
fields in and around a planet or 
moon itself. 
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Catapulting a 








4. Second stage ignition @ 
Around 260 seconds into the 
launch, the main engine is 
jettisoned, igniting the Second 
Stage shortly after. This will 
cut off roughly 600 seconds 
into the launch. ey 


f— @ 3. Solid rocket jettison 
After a minute's burn of fuel, 
the solid rocket that provides 
the largest thrust shuts off. 
Around 66 seconds after 
launch, the solid rocket is 
jettisoned from the craft. 





| @ 2. Serious thrust 


In order to breach our 
atmosphere, you need a 
rocket capable of defying 
ee it. That's where the 

| Bs 5,849kN (1.3mn Ibf) worth 


mer 
a 


|) | [F of thrust from the Titan 
| l He IIIE comes in. 
bis 
@ 1. Fuelled up 
Despite only weighing 815kg 


(1,800Ib), the individual 
Voyager craft still require 
large amounts of fuel and a 
Titan IIIE rocket to get them 
into space. 








spacecraft into space 


5. Probe goes it alone 
The Voyager craft ignites its 
own engines and begins its long 
journey towards the depths of 
our Solar System. 


diversity of life and culture on Earth. The contents of 
the record were selected for NASA by a committee 
chaired by Carl Sagan, and included 115 images, 

a variety of natural sounds, a series of musical 
selections and spoken greetings from Earth-people in 
55 languages. 

Launched on board a Titan HIE - a bespoke 
expendable rocket design used to launch the 
Voyager and Viking craft during the mid 1970s - on 
5 September 1977 from Cape Canaveral, Voyager 1 
was propelled out of the Earth’s atmosphere over 
two weeks, after Voyager 2 took off on 20 August. 
Following a brief shot of the Earth from its onboard 
camera, Voyager 1 began its long journey into the 
heart of our Solar System. That isn't to say its trip was 
quiet and uneventful, with Voyager 1 navigating an 
asteroid belt on 10 December 1977. The craft would 
spend almost ten months in the belt before breaching 
the other side on 8 September 1978. 

After two years of cosmic navigation, Voyager 1 
finally began to make its approach to Jupiter on 5 
March 1979, conducting its first flyby. By April of that 
year, Voyager 1 had completed its time studying the 


@ Neptune 


/ 25 Aug 89 





Uranus 
24 Jan 1986 


nN 


Saturn @ 
25 Aug 1981 


Launch @ 
20 Aug 1977 


SS | @ Saturn 
! 12 Nov 1980 
Launch @ 


5 Sep 1977 
@ Jupiter 
8 Jul 1979 


Jupiter @ 
5 Mar 1979 


— Voyager 1 
Voyager 2 
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gas giant, culminating in over 19,000 
images and a treasure trove of data. 
This would transform how we saw 
the planets around us, in particular 
with the discovery of volcanism on 
Io, the innermost of the four Galilean 
moons of Jupiter. This was the first 
time volcanic activity had ever 
been encountered outside of Earth, 
revealing Jupiter's moon Io to be the 
primary source of matter pervading 
the dense Jovian magnetosphere. 
With Voyager 2 arriving to take 
over the study of Jupiter, Voyager 
1 then turned its attentions to the 
second big target of its primary 
mission: Saturn. Once again 
performing in tandem with the 
Voyager 2 in 1980 and 1981, Voyager 
l's flyby and subsequent study of 


J Voyager we discovered the planet's atmosphere 
Coal . was entirely hydrogen and helium, with a 
lower abundance of helium in its upper 

atmosphere, making it less dense than water 
on Earth. 

While Voyager 2 would go on to study 
Uranus and Neptune in 1986 and 1989 
respectively, the future of Voyager 1 had 
a far grander nature: interstellar travel. In 
1990, Voyager 1 had travelled so far from 
Earth it was able to take a ‘family portrait’ 
of our Solar System. On 17 February 1998, it 

reached a distance of 69 AU (astronomical 
units - one AU is the distance between 
the Earth and the Sun), passing Pioneer 

10 as the furthest man-made craft 

from our home planet. Since then, 
Voyager 1 has pushed further 
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providing packets of 


the ringed planet fundamentally data on the deep, dark 
changed our understanding of | depths beyond the 
Saturn and its satellites. Through Solar System. 


Head to head 


Voyager 1 vs Pioneer 10 


When comparing spacecraft from different programmes, 
few candidates work as well together as Voyager 1 and 
Pioneer 10. Launched in 1972, Pioneer 10 was the first 
craft to breach the outermost edges of the Milky Way and 
was considerably lighter than Voyager 1's 815kg (1,800lb) 
at only 258kg (569Ib) at launch. Compared to the 12.5 
tons of a double decker bus, both craft are feather-light. 
Being that bit heavier does affect Voyager 1's speed 
though, clocking in at 62,140km/h (38,612mph) compared 
to Pioneer 10's speed of 131,200km/h (81,520mph). 








The retro tech 
‘i le NASA's 
flung craft 


The technology used by NASA has changed 
beyond belief since 1977, but the spacecraft 
launched decades ago are locked in a time 
bubble. The electronics and other systems 
on board Voyager 1 and 2 are almost 40 
years old, including a digital eight-track tape 
machine for recording data and 69.63KB of 
memory (enough space for a single JPEG). 
Voyager 1 can perform 8,000 instructions 
per second - that's about 250,000-times 
slower than the smartphone in your pocket. 


136 AU 


Distance Voyager 1 
has reached as of 
September 2016 


33,000 


Number of images 
collected in partnership 
with Voyager 2 craft 


124,000km 


Distance Voyager 

1 was from Saturn 
when it performed its 
closest flyby 


815kg 


The weight of the 
Voyager 1 craft 


The equivalent of travelling 
to Mars and back 45 times 


Pavel Noi t= Xomo)i 


aaron 
ie per day 
since it was 
launched in 1977) 


Around a third of the distance 
between Earth and the Moon 


Approximately eral tothe — 
weight of ten washing machines 





www.spaceanswers.com 


through interstellar space, 











User Manual Voyager | 


HOW TO... | 
Communicate 
with an 
interstellar 
spacecraft 











| Preparing a signal 

At nearly 40 years old, Voyager 1 has to utilise 
a rather retro 22.4W transmitter - equivalent to a 
refrigerator light bulb - to send out a data packet 
to the waiting dishes on Earth. The terrestrial 
dishes are around 34m (112ft) in diameter. 





2 Sending out the signal 

Voyager 1 transmits data back to Earth at 
160 bits per second - a glacial pace compared 

to a slow dial-up connection of 20,000 bits. It 
takes around 17 hours and 15 minutes for NASA to 
detect a signal direct from Voyager 1. 





3 Overcoming the odds 

Since it's communicating with Earth from 
outside our Solar System, the signals need 

to overcome many challenges. Voyager 1 has 
passed the Termination Shock multiple times and 
encounters considerably higher solar winds. 


_— 


G4 Deep Space Network 

an that Voyager 1 has passed through the 
Termination Shock multiple times, it takes a long 
time for its signal to reach Earth. Only dishes as 
large and sensitive as those utilised by the Deep 
Space Network are able to identify the signal. 
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An interview with... 


Astronaut Al Worden 


The Apollo 15 Command Module Pilot talks of how the mission made history, why we 
shouldn't return to the Moon and his enthusiasm for a telescope on the lunar farside 


Interviewed by Nick Howes 


You've spoken a lot in your book Falling To Earth 
about your love of the UK. Can you talk about 
your time as a test pilot at the Empire Test Pilot 
School, where other alumni included Tim Peake? 
I attended the Empire Test Pilot School (ETPS) in 
Farnborough, England, in 1964. I had just completed 
my time in graduate school at the University of 
Michigan, and was asked by senior officers to apply 
for the Air Force Advanced Research Pilot School 
(AARPS) at Edwards Air Force Base in California, US. 
While at Michigan I was the ops officer for all the 
pilots going to college, so I got to know all of them 
quite well. I even did the flight checks for all pilots, 
so I really had a double duty while at school. 

As a result I was selected for AARPS, but then 
reassigned to ETPS because of my academic 
background and the possibility that I would do 
better in the school than other US pilots had done 
previously. So I happily went to England with my 


family. Bill Pogue (who later went on to fly on Skylab), 


had just completed the course, so he met us at the 
airport and went with us to London for the first 


night. It was an exciting time as we had never been 
out of the US until then. 

My time at ETPS started in December 1964 and 
ended in November 1965. The first few months were 
mostly classroom work as the weather conditions 
were not suitable for flying. However, in March 
we started flying, and before long I was assigned 
flight duties in 12 or 13 different aircraft. This was 
a big change from the USAF [United States Air 
Force] where you could only fly one type of aircraft 
at a time. I found many differences in the whole 
philosophy of flying while at Farnborough. We were 
instructed to make all measurements manually 
rather than have sensors to do the job. It was a very 
good and logical method because it forced us to think 
about the airplane as we were flying it. I learned 
to fly everything from a Chipmunk to a Viscount 
while at the school. I think the best part for me was 
inverted spins in a Hawker Hunter, which, by the 
Way, Was a magnificent aircraft. 

I have just recently had the chance to revisit 
Farnborough for pretty much the first time since 


“The media locked on to those who walked 
on the Moon, and ignored those of us who 
stayed in orbit. But we were the glue that 
made the flights possible” 
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Lunar Module Pilot 
James Irwin salutes the 
United States flag on the 


Moon on 1 August 1971 
roo 


1964. What a change! Back in 1964 we had to keep 
our night flying up, but they had no runway lights 
installed. So we flew at night and landed using World 
War II smudge pots to light the runway. Let's just say, 
in my day, it was very exciting but a little dangerous 
when flying jet aircraft. 


So, the record-setting test pilot Chuck Yeager 
asked you to come back to the US. Did you feel 
honoured to be asked to teach other pilots? 
Yeager was an icon for pilots, being probably the 
greatest stick and rudder pilot alive, next to Bob 
Hoover. He was the first person to break the sound 
barrier in the Bell X-1, and did so while flying with a 
broken arm. But he was really cool and unafraid, so 
he did the impossible. I was happy that he wanted 
me to come back to Edwards to teach. I had the 
college background that he did not have and he 
wanted me to write and teach several courses in the 
advanced section. I never had much interaction with 
Yeager at the school, but I worked closely with the 
deputy commandant and the chief of academics to 
build a programme to teach the things needed for 
space travel, such as trajectories and free fall (not zero 
gravity as many believe). 


What did it feel like to join the 19 astronauts 
selected in 1966 for the Apollo programme out of 
830 applicants? 

I have to say that was one of the high points of my 
life. Getting a call from Deke Slayton to invite me to 
join the astronaut programme was overwhelming. 

I was overjoyed because it had been such a long 
voyage to get to that point. I never had the astronaut 
programme in my list of things I wanted to do, 
because I did not think they would have another 
selection. However, I was in the right place and 

had all the credentials they wanted, so I was very 
optimistic. I had decided that I would be the best test 
pilot I could be, but then when I had all the things 
necessary for that, I found they were the same things 
that NASA was looking for. I didn't hesitate for one 
second in accepting the invitation. 


In your class you had people of the calibre of Jim 
Irwin (Apollo 15), Charlie Duke (Apollo 16), Stuart 
Roosa (Apollo 14), Ed Mitchell (Apollo 14) and Fred 
Haise (Apollo 13). Who do you think excelled from 
that fifth group of astronauts? 

It is hard to say who excelled in my class, because we 
had some very outstanding guys who were selected. 
It was, after all, for the Apollo programme, and we 
were very conscious of what our role would be. Ed 
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Al Worden 


One of just 24 people 

to have flown to the 
Moon, Worden was the 
Command Module Pilot 
(CMP) for the Apollo 15 
mission of 1971. During 
his NASA career, Worden 
has logged over 4,000 
hours of flying time, 
including 2,500 hours 

in jets. He served asa 
member of the astronaut 
support crew for Apollo 

9 and as back-up CMP 

for Apollo 12. On top of 
his many achievements, 
Worden was listed in the 
Guinness World Records as 
the ‘Most isolated human 
being’ during his time 
alone in the Command 
Module Endeavour. 


F cot. | 
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Mitchell was clearly the most intelligent, and Joe 
Engle was clearly the best pilot. But the sum total 
of flying, academic and personal traits worked out 
differently; it was a combination of things that put 
everyone in my class in order. After our classroom 
studies, we were asked to rate everyone in the class 
from one to 18. The flight assignments, which were 
under the control of Slayton, were then made based 
on that order. But if you asked me directly which 
one I thought of as the best, I would have to say Fred 
Haise. He was the ultimate astronaut. 


How do you feel about the Command Module Pilot 
(CMP) being a largely unsung role compared to the 
Lunar Module Pilot (LMP) and the Commander? 

I have made peace with the idea that the media 
locked on to those who walked on the Moon, and 
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ignored those of us who stayed in orbit. But what 
many fail to understand is that we were the glue 
that made the flights possible. We did 90 per cent of 
the flying and navigation, and we were tasked with 
picking up the others after the surface trip no matter 
how they got into lunar orbit. If they came off on a 
crazy trajectory, we would have to go get them, even 
if it meant we would not be able to come home. 

I think that the media promoted the Moon-walkers 
because that aspect of the flight was more visually 
spectacular. Being in orbit was not. The interesting 


thing was that the CMP had a much bigger role in the 
total flight than the LMP, who was essentially a flight 
engineer watching the instrumentation. They did not 
get the chance to actually fly anything, but they did 
walk on the Moon, so they became more important 
to the media. 





Al Worden 




















You are quoted as having felt great about getting 
most of the flying time on Apollo 15 compared to 
the LMP or Commander, do you still feel this way? 
I did get most of the “flying time” on our flight and 

I took command of the Command Module and 
Lunar Module after we got to Earth orbit. I first had 
to extract the Lunar Module from the S-IVB [a stage 
on the Saturn V rocket], then put us on track to the 
Moon. I did the navigation and the piloting the entire 
time of flight. The Commander [Dave Scott] basically 
flew the Lunar Module from lunar orbit to the lunar 
surface and then back to orbit after they had finished 
their work on the Moon. I actually navigated back 

to Earth on my own, without updates from Mission 
Control, to validate that it was possible to return to 
Earth without any communications from Mission 
Control - another very complex element of Apollo 15. 
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Interview A! Worden 


Apollo 15 was regarded as the first of the truly 
scientific Apollo missions, with extensive training 
for all the crew in geology. Tell us about your 
training with the almost legendary Farouk El-Baz. 
Do you think your education in this area was as 
good as Dave Scott's and Jim Irwin's? 

I had a fabulous time with Farouk while I was 
learning lunar geology. He was an excellent 

teacher and I was eager to learn. But there was 

a big difference in terms of what we leaned as a 
team. Scott and Irwin learned about rocks and 
macrogeology while I was taught about large features 
and significant events that formed the lunar surface. 
I looked for evidence of volcano activity and meteor 
impacts as a clue to how the Moon was formed, and 
Saw remarkable features such as cinder cones, which 


gave the geologists amazing new areas of research to 
work on. Scott and Irwin looked at the scattering of 
rocks on the surface as an indication of the results of 
volcanoes or impact basins. So, it was quite different 
training and hard to compare. Given all of the other 
work we were doing in flight and mission training, 
on top of this we practically would have attained a 
degree in geology if we'd been at university. 


You trained for three years, working 70 hours a 
week with one ten-day break. Do you think that 
mindset carries forward to modern astronauts? 
Training for a lunar flight is not for those with no 
patience or discipline. It was a long, difficult time and 
we were very conscious of what could happen if we 
were not prepared. So, we spent countless days in 


"T actually navigated back to Earth on my 
own, without updates from Mission Control, 
to validate that it was possible to return to 


Earth without any communications’ 


Commander Dave Scott leads 
LMP Jim Irwin and CMP Al 
Worden to the transfer van ready 
for the drive to the launch pad 





training. You never get enough training for a flight 
like that, and anything we missed could have been 

a disaster in flight. So we trained for everything over 
and over until we knew it cold. I always felt that we 
could recover the time spent in training later on, but 
we had a timeline to live to and wanted to make sure 
we were ready. And there was always the threat that 
something could happen to take us off the flight. 

I think that today’s astronauts have a very different 
view of spaceflight. They do not have to train for both 
the flying and the science, with separate disciplines 
for mission specialists and how the transfers to the 
International Space Station (ISS) take place, so there 
is much less time spent getting ready. Most of the 
astronauts, without wishing to denigrate their work, 
are passengers, even those who go to the ISS. 

I also believe that future flights to deep space will 
require the same kind of training we had because 
there will probably - initially - not be the luxury 
of carrying scientists aboard. Don't forget that the 
only ‘scientist’ (although many of us had master’s 
degrees and/or doctorates in some aspect of science 
or engineering) to go to the Moon was Jack [Schmitt] 
on Apollo 17. 


Did the launch of Apollo 15, probably the most 
successful mission of the Apollo era, meet your 
expectations from the training? 

The launch was what I expected from training. The 
feel and the noise were well done in the simulator, 
and the only thing we missed was the actual physical 
motion during the launch. I was a little surprised 

at staging [first stage separation of the Saturn V] 
because we were told that it would be a simple 
matter. However, the small retro rockets fired as soon 
as the main engine shut down, and we went from 
4.5G to -0.5G in an instant. I remember that Jim and 
I looked at each other in surprise, but Dave then said 
it was okay and that he had “forgotten to tell us about 
it’. The rest of the launch went as predicted and we 
were okay when we got to orbit. I broke a little from 
the plan at that point, as I just had to look out the 
window at Earth from 144 kilometres [90 miles] up. I 
have to say, it was spectacular! 


Being the first crew to carry the lunar rover, were 
there any additional concerns the crew had, for 
example with safety or weight, as Apollo 15 was to 
be the heaviest launch of a Saturn V? 

I have to be honest; we had no concerns about 
carrying the rover. That was all included in the 

flight plan, so we knew what to expect. With every 
mission you have to remember that you're sitting on 
top of what is effectively a small nuclear explosion’s 
worth of energy [the launch energy of the Saturn V 
is the equivalent to the total energy used by the UK’s 
electrical network for about 160 seconds], but we 
didn't see it as a problem as such - although the extra 
weight did force us to go into a lower orbit around 
Earth, as we simply did not have the energy to go 
any higher. 


Tell us about the science experiments you 
conducted in orbit while David Scott and Jim 
Irwin were on the Moon. You said you were 
working 20-hour days, was it pure energy keeping 
you going? 
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The Apollo 15 
crew stand with 
the subsatellite 
they would 
release into orbit 


“On my EVA I could see both Earth and the 
Moon. It was unbelievable to look at both 
worlds at the same time and to think that I 
was the first human being to do so” 


I had a very extensive array of scientific experiments 
to conduct while in lunar orbit. They included two 
cameras: one a Mapping camera and the other a 
high-resolution camera. The high-resolution camera 
was an obsolete camera that had been designed 

for the U-2 programme back in the 1950s. It took 
incredible photos of the surface and I was able to 
photograph about 25 per cent of the lunar surface. In 
conjunction with that camera, the mapping camera 
took photos of the same areas and is still being used 
by the cartographers to update maps of the Moon. 

In addition to the cameras, I had a suite of remote 
sensors to scan the lunar surface. The data returned 
from these sensors was to allow the geologists a 
means of identifying the chemical content of the 
surface without the need to land. The rocks picked 
up on the surface were mostly for ground truth to 
match up with the remotely-sensed data. To get all 
this done during my time in lunar orbit I worked 
about 20 hours a day. 

However, in free fall there is less energy involved 
in doing something so I did not get tired. Also, the 
thought that we would only be there once made it 
important that I did everything on the list. 
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You hold several Guinness World Records for the 
‘Most isolated human being’ and the ‘First deep 
space Extravehicular Activity (EVA)’. Can you 
explain how it felt to be one of only three people 
in history to have done this and how it felt to see 
Earth and the Moon from such a unique vantage 
point? Did you get the chance for any down time 
while out there on your EVA? 

That was a pretty unique thing to do out in deep 
space. But the training was so good that I felt like 

I was doing it in simulation. Never did I have the 
feeling that I was so far out. I think that is because 
I designed the equipment I used on the EVA, and 
practiced with it extensively in the zero-gravity 
aircraft, so I was really comfortable during the actual 
event. In fact, I was so well trained that it only took 
me about 35 minutes to complete the task. 

Then I had to think of something to do so that I 
could stay out there for longer. I was able to get set 
up in foot restraints and look around, and that is 
when I could see both the Earth and the Moon. It 
was unbelievable to look at both worlds at the same 
time. What a unique event, and to think I was the 
first human being in history to see it. 


Al Worden 


Worden floats in space outside the craft while on his 
38-minute EVA during the Apollo 15 mission 
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Warden claims that with NASA’s current plans for the 
SLS, a return to the Moon won't be all that productive 
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Worden visits ESA's ESTEC facility 
and Space Expo in Noordwijk, 
Netherlands, on 19 October 2011 





“I don't see a return to the Moon as being 
productive, but a large telescope on the 
farside would be a great thing for science” 


What do you consider to be your greatest 
achievement on that mission from orbit, in terms 
of the knowledge added to lunar geology? 

There is no question about this. I had the distinct 
pleasure of seeing the first evidence of volcanic 
activity on the Moon. In my training I concentrated 
on looking for features that would help identify 
volcanic or impact features. 

One of the most telling things about a volcano is 
that there could well be cinder cones as a product 
of the eruptions. I found cinder cones in the Taurus- 
Littrow area and not only reported them, but took 
high-resolution photos of them. This was probably 
the most important discovery from orbit. In fact, it 
was so important that the landing site for Apollo 17 
was Changed. It supported the theory that there was 
volcanic activity on the Moon in years past, which 
until then had been speculated but not proven. 


Of all the flight controllers and ground crew, 
who gave you, as astronauts, the greatest level of 
support during your training and missions? 

It's hard to say since it took so many different 
phases of the flight to train for and accomplish. 
They were all so dedicated and accomplished that 
it is difficult to pick out any one that was the most 


important. The simulation guys were wonderful and 
very knowledgeable about all the manoeuvres and 
software, so I'd put them very high on the list. The 
geologists gave us what we needed to successfully 
conduct the science on the flight, and the scientific 
investigators were superb in giving us all the 
information we needed to perform the experiments. 
I can't say any one was better than the others. I will 
always cherish Farouk for not only his training, but 
for his friendship and advice before the flight. 


ESA are modifying the Automated Transfer 
Vehicle (ATV) to act as a modern day service 
module to mate with Orion, scheduled to launch 
in 2018, but without humans until the 2020s. Have 
you been inside it yet, and what are your thoughts 
on a return mission to the Moon? 

As yet, I have not seen the ATV but I hope it is on 

my schedule somewhere in the future. With the 
current plans from NASA with the SLS [Space Launch 
System], I am sorry to say, I don't see a return to the 
Moon as being all that productive, but I also don't 
know all the things that have been discovered about 
the Moon, so maybe there is still huge value ina 
return. I still believe that a large telescope on the 
farside would be a great thing for science though. 


© NASA; ESA; A. Doamekpor; MSFC 
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Are dwart stars 
Kos Imeem aed lc 


Proxima Centauri introduced a lot 
of people to the term 'red dwarf’ in 
August this year, but these ‘tiny’ stars 


The term ‘dwarf star’ was first 
used in the early 20th century by 
Ejnar Hertzsprung, and was used 
in opposition to ‘giant star' for two 
different groups of brightness, rather 
than being used for very small stars. 
Now the term is attached to a number 
of different types of star, covering the 
majority of stars in the classification 
system developed by Hertzsprung 
and Henry Russell in 1910. 

The most famous, due to the recent 
detection of the closest exoplanet to 
Earth around one (and the TV show 


of the same name), are red dwarfs. 
These appear to be the most common 
type of star in the galaxy, however, 
they are not visible to the naked 

eye due to their size and brightness. 
They are small, ranging from 0.075 to 
0.5 times the mass of the Sun; they 
fuse hydrogen into helium and have 
complete internal convection. This 
means that helium is constantly being 
diffused throughout the star, instead 
of being trapped in the centre, and 

as a result red dwarfs are likely to be 
very stable and long-lived. 


are far from simple 
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dwarf stars orbiting 

each other every 659 
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Of great importance to us are 
yellow dwarf stars. This is a term for 
'G'-type stars, ranging between 0.8 
and 1.2 times the mass of the Sun, 
and including the Sun itself. Although 
the term is to differentiate them from 
brighter giant stars, G-types outshine 
90 per cent of stars (the other types 
of dwarf star), and are called yellow 
because of how we perceive sunlight 
through our atmosphere. They are 
generally, including our own Sun, 
white in colour because of their 
Kaien) O\cue- LAUD KoMM Bic AY (c=) em OAc Ra Menele! 


yellow dwarfs are orange dwarf stars; 
these range from 0.45 to 0.8 times the 
mass of the Sun and are again very 
stable, long lasting stars, expected to 
last perhaps three times as long as our 
Sun. As such, they should make good 
locations to look for extraterrestrial 
life, providing a constant habitable 
zone for planets. 

More exotic are white dwarfs; these 
are a possible end state for large stars 
that are still too small to collapse 
into a black hole. They are around 
the mass of the Sun but compressed 


into the volume of the Earth, and are 
composed of a mass of carbon and 
oxygen that has accumulated in the 
core of a giant star. They don't have 
fusion reactions occurring in their 
material and shine by the residual 
heat left behind by the active star 
they were previously. Ultimately, they 
will cool into a black dwarf, a shining 
lump of material at background 
temperature; it is theorised that this 
will take longer than the current age 
of the universe, so no black dwarfs 
should exist yet. 
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| Kapteyn’s Star 
Percentage of solar mass: 27.4% 
Radius: 202,449km (125,795mi) 


Some 12.76 light years from Earth, 
this is the closest halo star - a group 
orbiting outside the main arms 

of the Milky Way - and possibly 
originates from a separate galaxy 
that was absorbed by our own. 
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This is an alignment of objects at the same 
celestial longitude. The conjunction of 

the Moon and the planets is determined 
with reference to the Sun. A planet is in 
conjunction with the Sun when it and Earth 
are aligned on opposite sides of the Sun. 


Right Ascension is to the sky what longitude 
is to the surface of the Earth, corresponding 
to east and west directions. It is measured 
in hours, minutes and seconds since, as the 
Earth rotates on its axis, we see different 
parts of the sky throughout the night. 


When the inner planets, Mercury and 
Venus, are at their maximum distance from 
the Sun. During greatest elongation, the 
inner planets can be observed as evening 
Stars at greatest eastern elongations and as 
morning stars during western elongations. 


Declination tells you how high an object 
will rise in the sky. Like Earth's latitude, Dec 
measures north and south. It's measured in 
degrees, arcminutes and arcseconds. There 
are 60 arcseconds in an arcminute and 
there are 60 arcminutes in a degree. 


An object's magnitude tells you how bright 
it is from Earth. In astronomy, magnitudes 
are represented on a numbered scale. The 
lower the number, the brighter the object 
will be. So, a magnitude of -1 is brighter than 
an object with a magnitude of +2. 


When a celestial body is in line with the 
Earth and the Sun. During opposition, an 
object is visible for the whole night, rising at 
sunset and setting at sunrise. At this point 
in its orbit, the celestial object is closest to 
Earth, making it appear bigger and brighter. 
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>| 26Oct 16h 28m 36s -23° 15°18" Ophiuchus -4.3 11:13 19:01 
J 3 Nov 17h 10m 20s -24° 45'16" Ophiuchus -4.4 10:34 18:00 
=| INov 17h 42m Ols -25° 23' 38" Ophiuchus -44 10:47 18:04 
13 Oct 18h 45m 39s -25° 15' 55" Sagittarius -0.3 14:36 21:54 
19 Oct 19h 03m 58s -24° 46'55" Sagittarius -0.2 14:27 21:53 
| 26 Oct 19h 25m 30s -24° 02' 29" Sagittarius -0.2 14:15 21:52 
= 3 Nov 19h50m10s -22°57'51" Sagittarius -O.1 13:01 20:53 
=! 9Nov 20h 08m 39s -21° 59° 56" Sagittarius -0.0 12:49 20:54 
13 Oct 12h 27m 25s -O1° 45' 49" Virgo -1.7 06:03 = —-17:52 
=| 19 Oct 12h 32m O7s -Q2° 15’ 40" Virgo -1.7 05:46 17:31 
=| 26Oct 12h 37m 31s -Q2° 49' 48" Virgo -1.7 05:27 17:06 
=| 3Nov 12h 43m 34s -Q3° 27' 37" Virgo -1.7 04:05 ~— 15:37 
| ONov 12h 47m 59s -03° 54'58" Virgo -1.7 03:48 15:16 
13 Oct 16h 43m 53s -20° 51°55" Ophiuchus 1.2 12:04 20:24 
2 190ct 16h 46m 31s -20° 57' 47" Ophiuchus 1.2 11:43 20:02 
| 26 Oct 16h 49m 21s -21° 03' 45" Ophiuchus 1.2 11:19 19:36 
=| 3Nov 16h 52m 49s -21° 10° 34" Ophiuchus 1.2 09:52 18:08 
‘| 9Nov 16h 55m 33s -21° 15°38" Ophiuchus 1.2 09:32 17:46 
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This montn's planets 


There are planets on view both after sunset and before sunrise, 
with the king of the Solar System ruling the dawn 


pg te 


Jupiter “"~< Pacers 






Leo 
Right Ascension: 12h 47m 59s | 
Declination: -03° 54' 58” 
Constellation: Virgo 
Magnitude: -1.7 
Direction: East-southeast 











GCA rlten ee 
Bootes: | oma Berenices. 
® Makemake 










(Glee) n=) ee 


Corona Borealis 


‘e Haumen — 





sy -lg elt) 


Hercules 





6:30 GMT on 9 November 





Jupiter dominated the evening sky Jupiter rises around 6am, an hour and arrangement - varies from night to hued disc is crossed by four or more 
earlier in the year, blazing like a a half before the Sun. And by mid- night; as they whip around the giant bands of toffee and caramel-coloured 
silvery lantern beneath the stars of November it will rise four hours before planet, the satellites vanish behind cloud. When it is visible, the famous 
Leo in spring. Now, after its unusually the Sun, visible in dark skies as it blazes Jupiter or pass in front of it and then Great Red Spot - a whirling storm 
intimate close encounter with Venus with its characteristic cold, silvery-blue re-emerge again on the other side. that has shrunk in size and faded in 
in the twilight of late August, it has light above Virgo's brightest star, Spica. Use the charts in this magazine or colour since the Voyager images of the 
slid behind the Sun and re-emerged as Although Jupiter looks beautiful download an app for your smartphone 1970s, and which is several times the 
autumn’s morning star. to the naked eye, a simple pair of or tablet to identify them. size of Earth - is a small, salmon-pink 
Shining at magnitude -L:7, Jupiter binoculars will transform it from a Through a telescope Jupiter is oval. And you'll also see many more of 


is still very impressive to the naked point of light into a real world. They a hypnotising sight. Even a small Jupiter's 67 moons. 

eye, outshining everything else in the won't show the planet's disc, but you'll telescope will show its pale, flattened You can follow NASA's Juno mission 
morning sky apart from the Moon. see up to four of the planet's largest disc is crossed by a pair of dark bands, via its website to see spectacular close- 
And as it slowly but steadily pulls away moons, huddling close to it like tiny but the bigger the instrument the more up images of the planet's mixed-up 
from the Sun, it will become easier to stars. The number of moons you magnificent Jupiter becomes. Through ribbons, streamers and plumes of cloud 
see and more striking. In mid-October will see around Jupiter - and their an 8” or 10" scope, Jupiter's cheesecake- Swirling around its poles. 
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Capricornus * 
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Scatum 
Sagittarius 


Right Ascension: 16h 50m 12s 
Declination: -21° 05° 27" 
Constellation: Ophiuchus 
Magnitude: 1.2 

Direction: Southwest 


Look out for Saturn shining above 
Venus on 28 October, and sandwiched 
between Venus and a crescent Moon 
in the evening twilight glow on 2 
November, low in the southwest. 
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Right Ascension: 16h 38m 57s 
Declination: -23° 41' 47" 
Constellation: Ophiuchus 
Magnitude: -4.3 

Direction: Southwest 


By mid-October Venus will be setting 
barely an hour after the Sun so 
catching it might be a challenge. It will 
be very low during twilight, so you'll 
need a flat horizon to see it. 


This month's planets N 


“/ 


Hercules . 
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Cassiopeia 
Camelopardalis — 
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Right Ascension: O1h 21m 52s 
Declination: +07° 56’ 08" 
Constellation: Pisces 
Magnitude: +5.7 

Direction: East 


Uranus is visible all night long, and 

if you have good eyesight and know 
exactly where to look for it, you'll see 
it as a faint star with your naked eye 


| -in mid-October you'll find it shining 


Sar Cone naa 


Right Ascension: 19h 10m O6s 
Declination: -24° 35° 23" 
Constellation: Sagittarius 
Magnitude: -0.2 

Direction: South 

The Red Planet gave us a fantastic 
show earlier in the year, when it looked 
like an eye-catchingly bright, fiery 
spark, but it is now little more than an 
orange star low to the horizon in the 
south after dark. As October passes 
into November, Mars will drift slowly 
eastwards, moving away from the 
pointed lid of the famous ‘Teapot’ of 
Sagittarius, towards its handle. 

The planet is now so far away - 
almost 180 million kilometres (112 
million miles) from Earth on 21 
October - that the ochre-tinted light 
bouncing off it takes around ten 
minutes to reach us back here on 
Earth. At that great distance, the Red 
Planet's disc is so small (barely eight 
arcseconds wide) that you'll need a 
big telescope with a large aperture to 
see any details on its surface. In the 
meantime though, why not go online 
and enjoy the wonderful images being 
sent back of Mars by the two rovers 
currently trundling around its deserts. 





almost exactly halfway between the 
stars Mu and Zeta Piscium in the 
constellation of Pisces. 

After dark, a pair of binoculars will 
reveal the planet's greenish hue, which 
is further enhanced by a telescope. 
After sunset on 15 October Uranus 
lies to the upper left of the almost full 
Moon, which will help you find it in 
binoculars and small telescopes. 
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\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY | 


Observer's guide to the 


UPERMOO 


Make the most of the lunar surface as the Moon makes its 
close approach to the Earth this October and November 











praggon; Alamy 
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Observer's guide to the supermoon 


Enthusiasts of observing our nearest celestial 
companion can look forward to the rise of the 























supermoon - most notably on 17 October for those Find the centre of the Moon 

in Europe and on 14 November for those who reside Begin right in the middle of the Moon 
in Australia, China, Russia and Indonesia, the latter and move up the centre line until you're 
marking the closest the Moon gets for 2016. about level with the crater Copernicus. 


A supermoon occurs when our lunar companion 
makes its closest approach to Earth on its elliptical 


Move to the right 


Move your gaze over to the right 


orbit, which is known as perigee, when it's also in its until you come across a big dark sea. 
full phase. At such a time, the Moon can look larger It should have another sea of about the 
and brighter than usual - especially when it is seen Same size joining it to the top left. 


rising above the horizon. This is an optical illusion, 
which causes our lunar companion to seem bigger 
than it really is when it is high in the sky. With the 
effects brought about by our celestial sphere aside, 
the supermoon will appear seven per cent bigger 


Find the Sea of Tranquility 

The bottom of the Sea of Tranquility 

is split into two sections. The Apollo 
11 landing site is the left-hand area. 


than a standard full Moon and around 12 per cent Locate the approximate 
larger than when the Moon is at apogee - the point in landing site . 
its elliptical orbit when it's furthest from the Earth. Although you won't see any detail 


due to the landing site itself being very 
small, it is located around 20km (12.4mi) 
south-southwest of the crater Sabine D. 


Whether youre observing the surface of the Moon 
with a telescope or binoculars, or simply enjoying the 
spectacle with the naked eye, a supermoon makes 
an enjoyable sight to behold, with some astronomers 
reporting that the slight increase in size allows 
them to observe some of the lunar surface's finer 
details with ease. On the evenings of 16 October or 
14 November, you'll find that the Moon will appear 
brighter by quite a few per cent, washing out craters, 
lunar maria and other fascinating features. To remedy 
this, we recommend that you use a Moon filter with 
your telescope to knock down brightness and boost 
contrast through the field of view. 

While a full Moon is perhaps the worst time to 
gaze upon the lunar surface, there is a plus side: it 
does give you the most comprehensive view of the 
Moon's litany of maria - sprawling, dark regions more 
commonly known as seas. These vast plains do not 
contain any water, but were once oceans of lava 
present in our satellite's younger days. Along with 
the Sea of Tranquility - the site of the historic first 
Moon landing - there are seas of Cleverness, Nectar, 
Clouds and many others. Smaller plains are known as 
‘lacus’ or lakes, with wistful names like the Lakes of 


What causes a supermoon? 


When a full Moon coincides with perigee 
- the point in its orbit where it is closest 
to Earth - our Moon appears slightly 


larger than usual Pee 


When the Moon is at % , a : ta When the Moon is at 


its closest to Earth is kW ie ada (stme iee)enm atelaae| 
Nearest to Earth: 


bs N 17 October 
®, 


° |, a 357,000km (221,830mi) 
oa | ty 
Tr 31 October 


Furthest from Earth: 


0 
Ty area than at 406,000km (252,276mi) 
an average distance 


12° aN e108 1015 
eee Nearest to Earth: Average distance 


a le SOO) ca Crd 20D, peas aN STRUTT Ree) 
Moon appears 27 November : 384,400km (238,855mi) 
20 to 30% SMa aN SAE 


brighter than at apogee = 406,000km (252,276mi) 
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Softness, Dreams, Perseverance and Solitude. Other 
related features include the ‘sinus’ or bays (such as 
the Bays of Rainbows, Roughness and Dew) and 
‘palus’ or marshes (including the Marshes of Decay 
and Sleep). The largest of these features are visible 
with the unaided eye and can be enhanced with a 
pair of low power binoculars. 

After the lunar seas, it’s the craters you'll notice 
second - huge pits created when space debris piled 
headlong into the lunar regolith. These craters come 
in two basic types: simple and complex. Complex 
craters boast an additional central peak, and one of 
the most popular and accessible of these is Tycho, 
which is also one of the youngest. Just over 100 
million years ago, the southern area of the Moon was 
struck and the energy of the impact melted some of 
the rock, throwing it high into the lunar sky. Instantly 


hitting ice-cold space, the ejecta solidified into glass 
beads which fell back to the surface. If you look 
closely in the area around Tycho, you'll see long, thin 
‘rays’ stretching outwards like the spokes of a wheel 
and those glass beads glinting in the sunlight. 
Slightly further towards the lunar limb you'll 
find the crater Clavius. Consisting of one large, old 
crater whose floor is peppered with holes from later 
impacts, it shows that the Moon was hit at many 
points during its history. Depending on the time 
of the month you are looking, you might also see 
shadows stretching out like tentacles on the crater 
floor; they are being cast by the towering rim of the 
crater, which forms a Moon mountain range that is 
several kilometres high. Even higher mountains are 
found around the edge of maria, with the largest 
being Mons Huygens (at 5.5 kilometres or 3.4 miles 


“The Moon's slight increase in size in the sky 
allows astronomers to observe some of the 
lunar surface’s finer details with ease” 


Make a memory that lasts 
and capture a high-definition 
shot of a mega-Moon 


The Moon is so close that getting a single, detailed 
image of all of its wonders is no mean feat. Instead, 
a lot of astronomers create a ‘Moon mosaic’ - a large 
image made up of several images stitched together. 

One of the easiest ways to achieve this is by 
attaching a webcam to your telescope. You can even 
buy specialised Moon imaging equipment such as 
Meade's Lunar Planetary Imager, which plugs straight 
into your computer via USB. A location where you'll 
have a clear view of the Moon for several hours is 
also favourable. If you're successful, you could show 
off your creation by printing it onto a canvas. 


Canon 


Find the optimum settings 

It is key that your images are in focus. To get the 

best focus, move your telescope to the edge of 
the Moon to get light and dark. Take a few test shots 
and zoom in to check for absolute focus. You should 
also experiment with exposure times to ensure that no 
part of the Moon is saturated. 
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Find your location 

Ideally you want a place far from street lighting 

that will give you an uninterrupted view of the 
Moon for several hours - the last thing you want is the 
Moon disappearing behind a tree halfway through your 
imaging! Make sure it is fully dark too - changing light 
conditions can be troublesome. 


MOLL 


Take the shots/video 

Whether recording videos (AVI is best) or taking 

Static shots, start at the top of the terminator 
and systematically work your way around the lunar 
surface. Splitting the Moon up into 20-30 sections 
is probably about right. It doesn't matter if the areas 
overlap a little. 





tall, it is more than half the size of Mount Everest 
here on Earth). The famous Italian astronomer Galileo 
Galilei was able to use these shadows to work out the 
mountain heights for the first time. 

Other popular targets for amateur Moon-watchers 
are volcanic rilles. While their exact origin is unclear, 
they are likely either ancient transport routes for the 
Moon's bygone lava flows or cracks in the lunar crust. 
One of the most famous rilles is the 100-kilometre 
(62-mile) long Rupes Recta (also known as the 
‘Straight Wall’), which forms part of the Mare 
Nubium not far from Tycho in the Moon's southern 
hemisphere. Moving to the northern hemisphere, 
you'll also find Hadley Rille near Mons Hadley in 
the rugged Montes Apenninus mountain range. 

It was here that the Apollo 15 astronauts placed a 
small aluminium sculpture known as ‘The Fallen 
Astronaut’, in honour of those who had lost their lives 
in space exploration endeavours. 

However you choose to view the supermoon, 
whether you go hunting for seas, lakes, bays, craters, 
marshes, rays, mountain ridges or rilles, or if you 
prefer to watch it rise above mountains, houses or 
trees, you're guaranteed to have spectacular sights. 





Set up your equipment 

You'll need a telescope in order to capture the 

finer detail on the lunar surface. Set it up in the 
usual way and attach your chosen imaging equipment 
(either a DSLR camera, webcam or dedicated lunar 
imager). A red filter can also cut out some atmospheric 
disturbance, leading to sharper images. 


———— 





Process your mosaic 

Use software like RegiStax to get the best frames 

from your videos. You can then use a piece of 
stitching software such as iMerge in order to build up 
your mosaic. Once you have your mosaic, polish it off 
by sharpening the contrast in photo editing software 
such as Photoshop. 
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Top supermoon targets io 


Whether yourTe using a telescope, binoculars or the naked eye, ; si aie rs 
there are plenty of sights to be had on the lunar surface idSeebbtelAAAGLI Telescope 
Plato 68 - Een Montes 
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Montes Apenninus 


Tycho crater 
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Cassin 


eelios 


Use autumn 's crisp, 
clear nights to 

find a lunar crater / 
named in honour.of | 
one of astronomy's 
most respected 
planetary observers 


po R ato). 


The Moon can be a dazzling 
sight through a telescope, 
so don't look at it for longer 
than a couple of minutes 

at a time. Use a Moon filter 
to cut down any glare and 
improve contrast. 


The Moon's ‘celebrity’ craters attract lots 
of attention because they are so easy to 
spot and are dramatic in an eyepiece. 
But the smaller, less dramatic craters - 
the ones without huge mountain peaks 
jabbing up from their centres or bright 
rays of debris surrounding them - can 
be just as fascinating if you take the 
time to get to know them. 

One such crater is Cassini, which is 
perhaps the only noteworthy feature in 
the unremarkable lunar plain known as 
Palus Nebularum, just to the south of 
the famous Alpine Valley. As you might 
have guessed, Cassini was named after 
astronomer Giovanni Cassini, who, in 
1675, was the first to observe the widest 
gap within Saturn's rings, later named 
the Cassini Division in his honour. In 
addition, Cassini discovered four of 
Saturn's major moons - Japetus, Tethys, 
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Rhea and Dione - and also observed 
markings on Mars, too. So it was no 
surprise when the Cassini probe, which 
has been orbiting Saturn since 2004, 
was named after him. 

The Cassini crater is just 57 kilometres 
(35 miles) wide with a lava-flooded 
floor. However, the crater floor is not 
flat; a pair of smaller craters (Cassini A 
and B) have been blasted out of its floor 
by impacts, and several much smaller 
craters spatter Cassini's interior. While B 
is unremarkable, A is quite an impressive 
crater in its own right - it’s a deep, steep- 
sided oval pit some 15 kilometres (nine 
miles) wide, with an area of jumbled, 
hummocky terrain to its east, ploughed 
up by the impact which caused it. 

Cassini's walls are narrow and low, 
without any of the complicated terracing 
or ledges seen in the walls of those 





‘celebrity’ craters like Copernicus and 
Tycho, and some observers think they 
make it look like a ring dropped on 
the surface of the Moon. Using high 
magnification to view Cassini on a still 
night will show that the crater sits on 


top of a broad rampart of ejecta material, 
like a castle standing on top of a low hill. 


So, when can you see it? As this 
issue hits the shelves the Moon will be 
almost full, making Cassini hard to see. 
Too small to see with the naked eye 
at any time, a pair of binoculars might 
just show it as a small, light ring to the 
lower right of the dark oval of Plato. But 
if you wait until 20 October, when the 
terminator sweeps towards it, its walls 
and craters will be much more obvious. 

We lose sight of it a couple of days 
later, but Cassini will reappear around 7 
November when the Moon is just past 












©NASA * 





Cassini crater 
5 i 


first quarter and the first rays of lunar 
dawn are creeping over it. Then you 
have a few days to spot craters A and 

B nestling inside Cassini's walls, before 
overhead illumination from the Sun 
reduces the whole crater to a featureless 
bright stain on the Moon's disc. 
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Autumn skies are rich with objects sure to delight 
observers using binoculars or just the naked eye 


© The ‘W'! of Cassiopeia | 
aU eMA eRe Mle 

up Cassiopeia are instantly 
recognisable. This is one of the. 
oldest constellations known. | 
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The Double Cluster 
Visible in 10x50 
binoculars, the Double . 
‘! Cluster is the jewelled 
handle of Perseus’ 
sword and is teeming | 
with resolvable stars. . 
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| The Owl Cluster 


Two bright stars make up 
the owl's eyes, which are | 
pyeX] mc=1-) 0 MO) neler lace 
This cluster js also known 
as the Dragonfly Cluster. 





Andromeda 
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Algol 

An eclipsing binary 
‘star that dips in 
brightness every 2.86 
days, its blue-white 
appearance is obvious 
to the naked eye. 





Triangulum 
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How to... 


Capture the belts of Uranus 


The eighth planet in our Solar System may is a long way away, but with modern telescopes 
and imaging equipment, it's now possible to capture the belts of this frozen world 


You'll need: 


V Large telescope 


Y Equatorial tracking 
mount 


V Monochrome video 
camera 


V Filters 


The planet Uranus holds a fascination 
for us. This frozen remote world has 
a very acute axial tilt and we can see 
this by observing its equatorial belts. 
In the past, it took deep space probes 
and vast resources to make discoveries 
about the outer planets of our Solar 
System, but with modern technology 
it is possible for advanced amateur 
astronomers to image these vastly 
distant planets and produce reasonably 
detailed pictures of them. 

If you hope to try this for yourself, 
youTe going to need a large aperture 
telescope - 250mm aperture at 
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minimum, although 300mm to 
400mm is preferable. Uranus is 

small and faint and so a much 

larger aperture is needed to have 

any hope of gathering enough light 
from this seemingly tiny and distant 
world. You'll also need an up-to-date 
monochrome video camera, designed 
for use with astronomical telescopes, 
and specialist filters that are sensitive 
in the infrared part of the spectrum. 
A colour camera with its built-in filters 
will not work well enough. 

A high frame rate camera is also 
important to help capture images less 
influenced by atmospheric ‘seeing’. It 
is best to image the planet in the near- 
infrared spectrum, using a filter giving 
such a band pass. A 685-nanometre 
filter is eminently suitable for 
this and is available from various 
manufacturers and dealers. It is also 
possible to use a deep red filter, such 
as the Baader RG 610 or Wratten 25, 
and it may be worth experimenting a 
little bit here. 


es 


An equatorial tracking mount 
is almost essential; although it 
is possible to use an alt-azimuth 
mounted telescope, this adds another 
layer of complexity when it comes 
to processing the images. An electric 
focuser is also helpful, although not 
essential, as focusing can be tricky at 
longer wavelengths and will take some 
time. Setting the correct exposure 
on the camera is also important. 

You'll need a short exposure length 

to combat the effects of atmospheric 
seeing, but you'll also need a correctly 
exposed planet. 

Try out a few different settings to 
find the one that works best for your 
equipment and circumstances. Don't 
be afraid to take long videos. You're 
imaging the belts of the planet and it 
is unlikely that any other detail will be 
available to the aperture of amateur 
telescopes. Make sure that you have a 
clear hard disc with lots of memory on 
your laptop or computer to cope with 
large files! 


— 


The ice giant as imaged 
by the Hubble Space 
Telescope. Uranus’ belts 
can be seen clearly 





© Lawrence Sromovsky, University of Wisconsin-Madison; WW. Keck Observatory 


bie gage 


Usea large aperture scope 
The larger the aperture of your 
telescope, the better. Uranus is quite 
faint, especially in infrared. 


Employ an equatorial mount 
An equatorial tracking mount is almost 
essential to help keep the planet on the 
camera chip while imaging. 


High frame rate is ideal 

Use a sensitive camera with as high a 
frame rate as possible. This will help 
alleviate the effects of ‘seeing’. 


Monochrome video camera 
Colour video cameras will not be 
sensitive enough to the wavelength of 
light you need to image. 


Take long videos 

Unlike the Moon and bright planets, 
take as many video frames as you can to 
improve the contrast of the final image. 
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Improve your images of the ice giant's features 


There are a few things to bear in mind when you give this project a go... 





There are some great planetary imaging cameras rate of 6-8 frames a minute - more if your camera can 

available. For imaging Uranus’ belts you'll need manage it. Getting a good balance between the frame 

a sensitive chip and the ability to vary the frame rate and exposure time is important, as is a good, Send YOur photos to 

rate and exposure time. Depending on your local sharp focus. Take your time with the set-up as it will photos@spaceanswers.com 
atmospheric condition, you'll probably need a frame pay dividends in your final image. lees — . 











First of all, you can focus your camera on a moderately bright star and then 
move your telescope’'s field of view onto the ice giant. 


Make sure your camera and telescope are well set up and in a ‘level’ location. 
Remember to put the infrared filter into the system! 


| Set up your equipment on a flat landscape ? Adjust your focus 





Set the frame rate Check for dew 
Set the frame rate of your camera along with the exposure time. You may Just before you start the exposure, check for moisture on your instrument's 
need to experiment with the settings here to get the best image. optics. Dew will certainly ruin any photos you take. 
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The longer the video, the better. An exposure of 30 minutes or more will Once you have your video uploaded to your laptop or computer, you can 
achieve a great image of the belts. process the frames in RegiStax or AutoStakKert! software. 


_ Take a lengthy video p , Process with RegiStax or an equivalent software 
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Were a challenge le 


lreasures 
of Perseus 


There are marvels to 

be seen with your ) 
telescope in a beautiful - 
constellation representing 

an ancient Greek hero 


The constellation of Perseus looks a little like an 
inverted letter ‘Y' and can be found to the southeast 
of the more recognisable ‘W’ of the constellation of 
Cassiopeia. It holds some deep sky gems within its 
borders, for both large and small telescopes. These 
include many star clusters and even a faint nebula or 
two. It is perhaps most famous for hosting the bright 
variable star Algol, known as the ‘Winking Demon 
Star’, as it represents the eye of the gorgon Medusa, 
whose head was removed and carried by Perseus! 
This fascinating star consists of two stars orbiting 
around their common centre of gravity, which eclipse 
each other from our point of view every 2.86 days. It 
is a great introduction to variable star observing. Here 
are the other highlights of this amazing constellation. 


Easily seen in a telescope of any size, these two Ol 
Star clusters, known as NGC 869 and NGC 884, 
lie very close together and are simply breathtaking. 


| The Double Cluster 


Looking like a round concentration of stars 
against a background of fainter stars, a low- 
power, wide-field eyepiece is best to use for this. & 


3 Open star cluster M34. 


, Open star cluster NGC 1444. 


Use a low-power eyepiece to view this open star 
cluster, which borders with Andromeda and is 
estimated to contain around 400 stars. 


Algol 
This bright variable star doesn't need a 


telescope to be seen, but a small scope will 
show up its bluish colour well. 


os California Nebula (NGC 1499) 





This is a very difficult nebula to view and you'll | 
need a large telescope and a UHC filter to see it. : Oy } 
It looks like the American state it is named after. 2 


Little Scorpion Cluster (NGC 5281) 

This lovely open star cluster will show up well 

in a small telescope at low power. It contains 
between 50 and 100 stellar members. 
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Opposition 


The minor worlds of our On Siena ek 
Ceres and Eris, are at their best this 
month. Here are some tips on how to 


track them down 


You'll need: 
Y Star chart 

Y Binoculars 

V Small telescope 

V Large telescope 

VY DSLR camera 


Dwarf planets can vary in size and 
brightness by huge amounts. Such is 
the case with two well-known objects 
in our Solar System, Ceres and Eris, 
which are coming into opposition this 
month. Opposition is when an object is 
directly opposite the Sun in our skies, 
which usually means that it is about 
as close to Earth as it can get in our 
respective orbits. When a body is at 
opposition it also tends to be as bright 
as it can get too. 

Ceres is the brightest of the 
dwarf planets and was the first to 
be discovered. It will come into 
opposition in the constellation of 
Cetus (‘The Whale’) on 20 October. It 
will be visible in binoculars, although 
you may not spot it instantly as it will 
look like a dim star, and so a star chart 
is really useful to help find it. Ceres lies 
just over 3.5 degrees due south of the 
star Alpha Piscium or Alrescha at this 
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time. This is the star that joins the two 
fish of Pisces by their tails. 

You can print out a star chart from 
desktop planetarium software such 
as Starry Night or Stellarium, which 
will give an accurate location for 
the Dwarf Planet. You can track the 
course of Ceres night by night as it 
heads westward in its orbit. This is, of 
course, a simple way to be sure that 
it is Ceres that you are looking at, as 
all the stars will remain fixed in place. 
Taking an image of the star field with 
a DSLR camera through the eyepiece 
of a telescope is another way to locate 
Ceres. Again, taking a picture every 
night for a few days will show it up 
plainly against the stars. 

The dwarf planet Eris, at opposition 
on the 15 October, will be much 
harder to see as it is incredibly faint 
in comparison to Ceres and lies at 
a vastly greater distance. Eris is a 


Observe Ceres. 


trans-Neptunian object, which means 
that its orbit is outside of the planet 
Neptune, while Ceres’ orbit lies in 


between the orbits of Mars and Jupiter. 


This means that you'll need a large 
telescope if you hope to see Eris. Once 
again, taking a photograph of the field 


Tips & tricks 







of stars in which it resides will help 
to pinpoint its location. It lies just 
over five degrees to the southwest 
of Ceres in the constellation of Cetus 
and almost exactly halfway along a 
line drawn between the stars Alpha 
Piscium and Theta Ceti. 





Print out a star chart 

A star chart is essential for hunting for 
dwarf planets. You can print one out 
from desktop planetarium software. 


Take some images 
A good way to show up dwarf planets is 
to image the star field with a DSLR. 


Try to shoot each night 

Imaging each night will make the dwarf 
planets appear to move against the 
background of fixed stars. 


Use a small telescope 

to view Ceres 

Dwarf planet Ceres will show up ina 
small telescope or even binoculars. Use 
a wide-field eyepiece at first to locate it 
and get your bearings. 


Employ a large telescope 

to view Eris 

If you're hoping to catch a glimpse 

of Eris, you'll need a large aperture 
telescope, as the dwarf planet will be at 
magnitude 18.6! 
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Dwarf planets can be tricky to find, but following these steps will make it a little easier... 

Ceres and Eris represent the two extremes of the easier. Eris comes to opposition on 15 October and 

dwarf planet community: Ceres is relatively bright, Ceres on 20 October. This means they will cross the —_—_—_—_—_—_—_—_—_———| 
while Eris is very faint. This October though, they meridian and will be due south at midnight. This too Send YOU photos ie , 
are at opposition and are quite near each other in the can help you locate them. Taking an image or two photos@spaceanswers.com Ps 
night sky, which makes tracking them down a little though, is by far the best way to identify them. f 









































j . é , 
Keep a star chart handy ~) Use planetarium software ~~) Work out the field of view 
| Use a good star chart that shows the stars of the / Use your desktop planetarium software to ~~) Work out the field of view given by your 
_l_ constellation of Cetus down to magnitude 8, to “J familiarise yourself with the constellation or to —/ telescope and your eyepiece and then draw it 
help find Ceres and Eris. print out a star chart if you do not already have one. onto your star chart. 








/\ Set up the camera [~ Take images each night f Check your results 
ia |_ Attach a DSLR camera to your telescope and, ~\ To see the dwarf planets in orbit, take images f ~~) Compare the series of images you have taken 
1 using a fairly high ISO of around 1600, take a —_/ of the star field from the same location at \_Y and see if you can spot the dwarf planets 
shot of the star field. opposition and a few nights before and after. moving against the background stars. 
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I'STARGAZER 


The Northern 
Hemisphere 


The evenings are longer, which means that you don't 
need to stay up late to enjoy the wonders of the sky 


By mid-October the Sun will set by 
6.15pm, meaning that observers do not 
need to stay up until the early hours of 
the morning to make the most of what 
the night sky has to offer. If you have a 
telescope of a small-to-medium aperture, 
galaxies such as the circumpolar 
Fireworks Galaxy (NGC 6946) in the 
constellation of Cepheus, as well as the 
ever-beautiful Andromeda Galaxy (M31) 
and the Triangulum Galaxy (M33), will 


This chart is for use at 1Opm (BST) 
mid-month and is set for 52° latitude. 


Hold the chart above your 
head with the bottom of the 
page in front of you. 


a Face south and notice 
* that north on the chart 
is behind you. 


ee The constellations on the chart 
should now match what you 
see in the sky. 


Magnitudes 
Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0 to 4.5 
ess 
Variable star 
















































Using the sky chart 






make ideal targets. Before dawn, keen 
observers will be able to capture Messier 
74 in Pisces and Messier 77 in Cetus. 
This month, observers can also turn 
their telescopes to star-forming regions 
such as the Heart and Soul Nebula in 
Cassiopeia, and the North America 
Nebula (NGC 7000) and Veil Nebula 
in Cygnus, while double star Albireo 
is easily split into an orange-red and 
blue-white pairing. 
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Open star clusters 


Globular star clusters 


Planetary nebulae 


(CRIED (a5 






Spectral types 














Deep-sky objects 


Bright diffuse nebulae 


a® 
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Observer's note: 

The night sky as it 

appears on 16 October at 
approximately 10pm (BST). 
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STARGAZER 
|The Northern Hemisphere 
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Telescop —e 


ay 


Send your astrophotography imagesto 
photos@spaceanswers.com forachance ~ 
to see them featured in All About Space ~_ 


Ole td Bt CS : | 
| Black Forest, Germany , oer 
rs A Telescope: Takahashi FSQ-106and 4 : ; 
4 4 Celestron C11 
“. BRE eN ce ECR-B eric (ern cee 5 
oes sf _ astrophotography, but during my first few .. 
4 years of work I lived in a light-polluted : 
city. Now I live in a small town under a 
dark sky, the conditions are so good that we've built an 
observatory in the garden. I like to photograph the daily 
changing view of the Sun in white light, H-alpha Ibfed ata b ate lem a 
* calcium light. I also take pictures of deep-sky objects to 
image structures that‘>humans.are unable to see, and use a 
DSLR to capture the Milky Way or a star trail overhead.” 


Ian Griffin 


Dunedin, New Zealand 
“Just over three years ago, a new job 
meant that I moved from Oxford in the s 
UK to New Zealand. Since then, I've . 
developed a passion for astrophotography 
es: ~~ both with and without a telescope. The 
 MESotlinseeWs(snelije)saccas @acecceriiet: 
with fascinating objects, and it’s a real pleasure to live ta) | ee 
a part of the world where the centre of the galaxy passes se 
overhead in winter. Here in Dunedin, we get frequent ae ae 
displays of the Aurora Australis, which looks spectacular Ee: 
against the backdrop of the beautiful landscape.” 


Aurora Australis from New Zealand The Milky Way from New Zealand 


0) 
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Me & My Telescope 


Messier 106 
























Rob Johnson 
, 


Liverpool, UK 

Telescope: William Optics 72FD 

“I have been interested in astronomy 

since I was seven years old, inspired 

by the first spaceflights and the 

Apollo programme. Later on, I became 

oe interested in photography so it was 
natural to combine the two. I enjoy imaging deep-sky 

objects and Solar System bodies and also dabble with 

spectroscopy. My favourite objects are galaxies and 

galaxy clusters, as it’s incredible to think of the number 

of planets there must be in one image. Imaging from 

. my light-polluted location has its challenges, but with 
the help of CCDs some great results can be achieved.” 


ca 


Messier 45 


a ees 
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{STARGAZER 
Celestron Inspire 7OAZ 


An entry-level refractor with a unique design, this brand new range of telescopes 
is ideal for those on a tight budget who are keen to get started in astronomy 


Telescope 
advice 


Cost: £130 (approx. $170) 
From: David Hinds Ltd 
Type: Refractor 
Aperture: 2.76" 

Focal length: 27.56" 
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e 
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Beginners 


Small budget 


Terrestrial viewing 


Planetary viewing 


Lunar viewing 


Bright deep-sky objects 


OOCOG0SO 


Basic astrophotography 


This range of refractors, available 
from Celestron in autumn 2016, 
comes in a variety of apertures: the 
70AZ, 80AZ and 100AZ 
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With the darker months upon us, 
now is the time to get started in 
astronomy. For those who are new to 
the hobby and would rather spend 
a small amount of money on a new 
instrument, the new Inspire range 
from Celestron meets this criteria. 
This range of refractors, which became 
available this autumn, comes in a 
variety of apertures - the 7OAZ, 80AZ 
and 100AZ - offering differing light 
collecting abilities. 

We were impressed with how 
well packaged the Inspire 7OAZ 
was, ensuring perfect showroom 
condition upon delivery. What's more, 
the refractor comes with two 1.25" 
Kellner eyepieces (1Omm and 20mm), 
a StarPointer Pro finderscope, an 
accessory tray, a red LED flashlight, 
a free download of the SkyPortal 
app to your Apple or Android 
device, as well as a 90 degree star 
diagonal - an impressive amount for 
a recommended retail price of £130 
($170), and everything a beginner 
needs to get started. 

Handling the tube and tripod 
as we set the Inspire 7OAZ up, the 


instrument was very lightweight, 
promoting portability. While the 
telescope comes with a comprehensive 
manual to assist with setting up, 
we found it very intuitive to build - 
something that's sure to delight users 
keen to get stuck into observing as 
soon as possible. A free one-year 
subscription to the SLOOH Astronomer 
allows the user to remotely 
reserve, control and image through 
professional grade telescopes and also 
gives access to the SLOOH livestream. 
Once set up, the Inspire 70AZ’s 
appearance is certainly something 
to be admired - the quality is up to 
the usual Celestron standards and 
the manufacturer hasn't skimped 
on the finish, despite the low price, 
with no glue residue anywhere on 
the instrument. The design of the 
tube is somewhat unique, with a fully 
integrated smartphone adapter that’s 
suitable for basic astrophotography, 
and a hooded dew cap for maximum 
protection from moisture during 
observations. The tube’s metallic blue- 
grey finish provides a stylish look that 
also adds to the telescope's protection 


The Celestron Inspire 70AZ 
comes with a selection of 
accessories including 1Omm 
and 20mm eyepieces 


from the elements. The steel tripod is 
well made, ensuring sturdy observations 
and a solid alt-azimuth mount allows the 
tube to smoothly move through right 
ascension and declination. The twist 
clutch handle provides easy tracking of 
celestial objects. The ball star-diagonal 
does the job in holding the eyepieces, 
however, being made of plastic, it is 
slightly flimsy compared to the rest of 
the instrument. The integrated accessory 
tray is a nice touch to the overall build of 
the Inspire 70AZ - being already attached 
to the tripod, a simple lock of the knob 
fits this into place. 

Taking the instrument out for 
observations, we were grateful for the 
telescope’s lightness. The supplied 
diagonal and eyepieces fit the tube nicely, 
however, if you're looking to substitute 
these with accessories made with a 
more hefty material, then you may find 
balancing issues with ‘sagging’ views. 

Refractors are great instruments for 
observing the Solar System, so we made 
Mars and Saturn in the southwest our 
targets of choice during a mid-September 
evening. For a scope with a 
modest aperture, 
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Telescope advice 



































Wwe were impressed with the view of the star diagonal 

the planetary pair. We were unable to allowed for 

pick out much surface detail of Mars comfortable tours 

without the help of yellow and light of the sky. The 

red colour filters. Using the Inspire red LED flashlight 

7OAZ alone, Mars appeared as a small, that's built into the 

pink disc. Saturn (magnitude +1.1) was mount was handy 

an impressive sight, the refractor's fully when referring to 

coated glass optics providing good a night sky guide, as it 

views of the gas giant and its rings. preserved our night vision. Budding 

Colour fringing - also known as astrophotographers will be grateful for 

chromatic aberration - is minimal the integrated smartphone adapter, 

when observing objects of modest which uses bungee cords to secure 

magnitudes. However, the waning your device to the lens cap. 

gibbous Moon sported a purple-blue Views of deep-sky objects were 

edge in the Inspire 70AZ’s field of small but discernible, provided that 

view, while a Moon filter provided the objects were bright enough. With 

excellent contrast when observing its ease of use, the Inspire 7O0AZ 

lunar mare, mountainous terrain and refractor is ideal for beginners and 

craters. Throughout our observations, those who want an instrument built The steel tripod 

eye relief was good and the angle of for a multitude of purposes. enables stable 
views of a variety of 
terrestrial and night- 
sky objects through 

the Inspire 70AZ 


A StarPointer Pro finderscope 
makes touring the sky easy, 
picking out low magnitude 
stars for simple star hopping 








Throughout our 
observations, the eye relief 
provided by the eyepiece 

was good 





“The design | 
of the tube is 
unique, with a 
fully integrated 
Smartphone 
adapter that's — 
suitable for basic 
astrophotography" 
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Celestron 
PSV eee 


Courtesy of Adam Hinds Ltd, we've got.a 
beginner's telescope to give away this month 


A dual-purpose telescope that's ideal for 
both terrestrial and celestial viewing, the 
Celestron AstroMaster 102 AZ produces 
bright, crisp and clear images of the lunar 
surface and the planets, spotting the 
moons of Jupiter and the rings of Saturn. 
With this scope, touring the craters and 
the lunar maria of the Moon has never 
ploenac isos 

A quick and easy no-tool setup means 
that you spend less time assembling 
the AstroMaster 102 AZ, and more time 


observing the wonders of the night 
sky. The rugged pre-assembled tripod 
with 1.25" steel tube legs, provides a 
rigid and stable platform and allows for 
steady views. 

A pan handle alt-azimuth control with 
clutch ensures smooth and accurate 
pointing, while two eyepieces and 
TheSkyX First Light Edition astronomy 
software - with a 10,000 object 
database - provide everything you 
need to get started in stargazing. 


To be in with a chance of winning, all 
you have to do is answer this question: 


Me mum eB yi aC 
not a crater on the Moon? 


Ete Le 
err ai ta t 
C: Serenitatis : | 


Enter via email at allaboutspace@imagine-publishing.co.uk 
or by post to All About Space competitions, Richmond 
House, 33 Richmond Hill, Bournemouth, BH2 6EZ 


Visit the website for full terms and conditions at www.spaceanswers.com/competitions 
| Y 
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Harrison 
www.harrisontelescopes.co.uk 


01322 403407 Mon-Sat 


NEW FROM CELESTRON =) 
AS it ikU Fi. 
DISEOVER THE SKY IN WIFI 
WiFi RANGE FROM £385 , 


e 
— 


EXPERT ADVICE & LIFETIME TECHNICAL SUPPORT 
AUTHORISED DEALER FOR ALL THE TOP BRANDS 
BINOCULARS FOR ASTRONOMY 

HELIOS 7x50 & 10x50 
SKYMASTER PRO 15x70 
28x110 GIANT BINOCULARS 
TELESCOPES EYEPIECES FILTERS MOUNTS & MORE 


DIGITAL SLR CAMERA ADAPTERS FROM - 
MAINS 5 AMP POWER SUPPLIES - 

SK YWATCHER LIGHT POLLUTION FILTERS - 
QUALITY MOON FILTERS FROM - 

*STARSENSE AUTOALIGN FOR SK YWATCHER* 


/om eee e 


Contact us on 


01202 586442 


adinfo@imagine-publishing.co.uk 


Established for (, 
over 7/0 years. 


Sherwoods are one of ! 
the Midlands leading 
specialists in Night 
Vision, Binoculars 

and Astronomical 


Telescopes. | a i * 
At our new showroom now 
open at the Arden Centre Little 
= Alne (nr Henley in Arden), we 


display optics from the world’s 
leading manufacturers. 


The Arden Centre Little Alne 
Wootton Wawen 
Warwickshire B95 GHW 
Tel. 01789-488880 
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www.BinocularHouse.com 


Check out our website for latest 
offers and full product range. 


COAA + auc + Portugal = 


sunny days + 
magnificent beaches + 
starry nights + 
PANO pellel es 
Shugescopes! 


33” equatorial in 

wine-growing region 

of rural France. 

Observing and CCD 

imaging. 17th century |.eu =. 

B&B. €50 per person. } 

60 minutes to historic 

Luxembourg, 30 minutes to the battlefields of Verdun. 
Protected dark skies in Lorraine National Park. 
Weekend breaks & holidays. 


Please contact Matt: observatoryt83@gmail.com 


+352 621 291849 http://observatoire.t83.free.fr 
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In the shops 


The latest books, apps, software, tech and 


accessories for space and astronomy fans alike 


Toys 

Rosetta and Philae plush 

Cost: €29.95 (approx. £25.80) 

From: Rosetta Shop (www.rosettashop.eu) 

The Rosetta mission has come to an end, so we couldn't resist 

getting our hands on a momento of the comet chaser and its 

lander, Philae. If you're familiar with the ‘Once upon a time... 

cartoon series, which centres on the spacecraft’s journey to and 

around Comet 67P, then you'll recognise this novel plush toy. 
Philae is attached to Rosetta and features the ESA logo 

stitched in white cotton on the left ‘solar panel’. Some may 

consider this plush to be expensive, but given that it’s a one- 

of-a-kind toy and beautifully finished, it's certainly worth the 

price tag. Its soft feel, with no small parts to swallow, also 

makes it ideal for young children. Measuring 95.5 centimetres 

(376 inches) across and 33 centimetres (13 inches) in height, it 

is also a substantially sized toy. If you're a fan of the Rosetta 

mission (and let's face it, who isn't?) or know someone - a child 

or an adult - who is, then this charming plush toy will be a 

warmly welcomed addition to their home or workplace. In 

fact, we think that all spacecraft should be immortalised 

as toys to not only inspire the younger generation, 

but also to ensure public awareness of our space 
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App 
Exoplanet v 16.0.1 

Cost: Free 

From: iTunes 

Highly visual and interactive, Exoplanet allows you to keep 

up-to-date with the latest discoveries of alien worlds in the 

Milky Way. Developed by professional astronomers, this app 

features a stunning three-dimensional model of our galaxy, 
revealing the locations of all known exoplanets. We enjoyed 

the zoom function, which allows the user to get a close-up 

‘view’ of the planetary systems. Exoplanet also provides a 

view of the night sky from these alien worlds and notifies 

you when a new world is found and where to look for it. 

Essentially a database of discoveries, Exoplanet provides 

detailed information on every confirmed world in a visual 

way. The graphics aren't massively detailed - as we don't know 


at much about the planets’ surface details - but this doesn't affect 


the experience. The app has been revised and improved, but 
despite being in its 16th version, it still crashes - we had to 
shut down our device several times. Despite these hiccups, 
the idea of Exoplanet is ingenious and sure to entertain 
even those with just a passing interest in deep space. 
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In the shops 


” 


- Book 


————— 
Exploring The Planets: A Memoir 
Cost: £25.00 ($44.95) 
From: Oxford University Press 
Written by Fred Taylor, professor emeritus of physics 
at Oxford University, his work, Exploring The Planets: A 
Memoir makes for an interesting story about the aspects 
of working on space missions - chronicling the highs and 
lows of spacecraft including Mars Observer, Mars Climate 
Orbiter, Mars Reconnaissance Orbiter, Pioneer Venus 
and Venus Express. Taylor spent a decade at NASA's Jet 
Propulsion Laboratory (JPL), where he helped develop a 
variety of instruments for Earth observation satellites and 
planetary exploration missions. Reading from chapter to 
chapter, Exploring The Planets: A Memoir focuses on Taylor's 
professional career exploring the Solar System and includes 
autobiographical elements - such as his experiences in 
college and leaving his home in England to pursue a 
career in California - although a lot of the book deals with 
the management of both science missions and university 
departments, which reflects the reality of leading space 
missions. Taylor's work provides an excellent insider's view 
into the development of space exploration, particularly in 
building the instruments required for spacecraft. If you've 
always wanted a peek inside the clean rooms of NASA's 
JPL, then you should definitely read this book. 








Software - SS 
Starry Night Pro Plus 7 io 
Cost: $249.95 (approx. £192.40) — 
From: Starry Night 
Claiming to be the "most realistic astronomy software", Starry 
Night Pro Plus 7 certainly lives up to expectations. Its graphical 
performances and huge package of options make this a must- 
have for those keen on the wonders of the night sky. Of course, 
if youre still learning your way around the night sky, then we 
advise purchasing more simplistic astronomy software. 
Starry Night Pro, available for Mac and PC, comes with a sia lls taai gaa 
wide selection of objects - including 16 million stars, over a 
19 million objects up to magnitude +15, as well as 73,197 
galaxies and their three-dimensional positions. Of course, 
Starry Night Pro is very educational and, provided you have 
QuickTime installed on your computer, users can watch a 
wide selection of movies, including sky animations, planet 
flybys achieved by NASA missions, and mission launches. 
This software also allows you to travel in three dimensions 
some 700 million light years away and create planets with 
customisable surface details and satellites. You can also go 
back or forward in time by 99,999 years to observe the sky 
and track asteroids and comets. Although it requires a lot of 
memory, we strongly recommend making the space. 
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Kathleen Rubins 


An early-career astronaut, currently on 
board the International Space Station 


In this section of the magazine, 
we've sometimes featured seasoned 
astronauts, trailblazers on early 
spaceflight missions, or the unlucky 
few who lost their lives furthering 
humanity's journey into the cosmos. 
This month though, our hero is 
perhaps not quite so obvious - but no 
less deserving of a place right here. 
Kathleen ‘Kate’ Rubins has only flown 
to space once. In fact, she is in space 
right now, having launched to the 
International Space Station (ISS) on 7 
July 2016 on a Soyuz spacecraft from 
Kazakhstan. She is set to return to 
Earth by early November this year. 
What stands Rubins apart from 
some of the other heroes we've 
featured here though, is the nature 
of her mission on the ISS. She has 
a degree in molecular biology and a 
doctorate in cancer biology and, while 
on the station, she will be the first 
person to sequence DNA in space. 
Why? To help in the ongoing search 
for life. But more on that later. 
Rubins, aged 38, was born in 
Farmington in Connecticut, US, on 
14 October 1978. After earning her 
two aforementioned degrees, she 
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was involved in creating therapies 

for Ebola and Lassa viruses during 
research with the US Army. In July 
2009, she was selected as one of 14 
astronauts in NASA's 20th astronaut 
group. Seven years later she launched 
to the ISS, and in mid-August she 
performed her first spacewalk, along 
with NASA veteran Jeff Williams. 

But it’s Rubins’ scientific credentials 
that are of most interest. The ISS had 
always been designed as an orbiting 
research laboratory, although some 
have bemoaned that has not always 
been the case. That has changed 
recently, and Rubins is a testament 
to how the ISS is now being fully 
utilised in its intended capacity. 

One way she will be doing this is 
by testing out a pocket-sized DNA 
sequencer called MinION, developed 
by UK company Oxford Nanopore 
Technologies, while on the station. 
This device, if successful, could help 
diagnose astronauts with illnesses 
by noticing genetic changes, and 
also monitor the microbes present 
on the ISS. More excitingly, it could 
be the precursor to a device that 
looks for DNA-based life on other 
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worlds, be it Mars, Europa, or 
elsewhere. “We're pretty interested 

in microbial communities on board 
Space stations,” Rubins said before she 
launched to space. “It's a closed loop 
system. Our water is recycled, our 

air is recycled. It’s a really interesting 
environment that's been in space 

for ten years continuously now, and 
we've essentially put microbes up 
there. It's going to be really interesting 
to see how that’s evolved.” 

But this is not the only research 
she was scheduled to perform in 
space. Rubins was also involved in 
other research on human biology, 
exercise and many physiology 
experiments, and much more. 
Hundreds of experiments take place 
on the ISS, with all the astronauts 
pitching in, but it’s always good to see 
specialists heading up into space to 
focus on certain scientific areas. 

Rubins is a great example of the 
type of astronaut we want to see 
more of. Gone are the days of military 
test pilots flying experimental 
vehicles beyond the atmosphere. 
Now, scientists are being given the 
chance to perform groundbreaking 
research simply not possible on Earth. 
There have been scientist-astronauts 
before Rubins, and there certainly 
will be after her. But she is a pioneer 
for all the right reasons - furthering 
humanity through research that’s 
truly out-of-this-world. 
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Portable, Tabletop Design __ LIGHTBRIDGE 
Begin exploring the night sky straight out of the box. ity N 
ae x f ara tt ” 
360° Rotating Mounts and Red ae pe . re 
V4 -) 
Dot Finderscopes — eve | 
Offer seamless navigation and tracking of space cr 
objects across the sky. oe 
Ss ei 
Planets, Nebulae, Star xh ae 
Clusters and Galaxies 
View all these and more with premium light é bat a 
gathering optics. Pree. gcks 4 = 
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Sale _ EXPLORER-PDS SERIES 


; | ee pada pi 
J] eee) ) Pe 


ol ovals ira 150mm/200mm/250mm 


wey Wi chawis ')_|  DUAL-SPEED PARABOLIC NEWTONIAN REFLECTORS 
The new Sky-Watcher EXPLORER-PDS Advanced range of Parabolic Newtonian Reflectors incorporate the same superb 
mirror-sets* as the Explorer-P Black Diamond Series, but with two significant advantages. A Dual-Speed 10:1 ratio focuser 
is now included for excellent focusing precision. Also the tube length has been slightly shortened to optimise their performance 
for prime-focus photography. Even better performance for astro-photography and visual use can be achieved when used in 
combination with Sky-Watcher’s Newtonian coma Corrector (Prod.Code 20233) 

"Note: the Explorer-200PDS has a larger 58mm secondary mirror, for enhanced field illumination, compared to the Explorer-200P which has a 52mm secondary. 





Explorer-200PDS 
(EQ5 PRO) 


















200mm (8") {/5 DUAL-SPEED 
PARABOLIC NEWTONIAN GO-TO REFLECTOR 


* Magnification (with eyepiece supplied) x36 * Highest Practical Power (Pate “ x40) 

* Diameter of Primary Mirror 200mm * Telescope Focal Length 1000mmi (t 

* Eyepiece Supplied 28mm LET (2°/50.8mm) » 9x50 Finderscope « Parabc ic ‘Pileary Mirror 
«2° (50.8mm) Oual-Speed Crayford Focuser * 0.5mm Ultra-Thin Secondary Mirror Supports 
« EQ5 PRO Go-To Equatorial Mount with 1.75" Stainless Steel Tripod 

« 42,900+ Object SynScan Computer Database * 77% more Light-Gathering than 150mm 






150mm (6”) {/5 DUAL-SPEED 
PARABOLIC NEWTONIAN GO-TO REFLECTOR 


* Magnification (with eyepiece supplied) x30 

* Highest Practical Power (Potential) x300 

* Diameter of Primary Mirror 150mm = Parabolic Primary Mirror 
* Telescope Focal Length 750mm (f/5) 

«Eyepiece Supplied 25mm (1.25°/31./mm) * 6x30 Finderscope 


Product code 
10270/20981 


OTA only: SRP £329 


Prod.Gode 10220 =2” (50.Gmm) Dual-Speed Crayford Focuses 

EQ5 PRO: SAP £629 é * 0.5mm Ultra-Thin Secondary Mirror Supports > — Ne ee 
Prod.Gode 70981 «E03 PRO Go-To Equatorial Mount with Aluminium Tripod > (EU PRO) 
OTA + Std EQ5: « 42,900+ Object SynScan Computer Database Product code 
SAP £608 * 33% more Light-Gathering than 130mm 10278/20230 


OTA only: SRP £239 


Prod.Code 10278 


E03 PRO: SRP £449 ~* 
Prod.Gode 20230 
OTA + Std EQ3-2: SAP £436 


Prod.Code 10271& 20443 


Prad.Cade 10220/10464 f 
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| | 250mm (10") f/4.8 DUAL-SPEED PARABOLIC 
‘ADVANCED FEATURES Sky-Watcher Explorer PDS models - =_— NEWTONIAN GO-TO REFLECTOR 


ah feature: 0.5mm Ultra-thin Secondary * Magnification (with eyepiece supphed) «43 
Mirror Supports to reduce diffraction Highest Practical Power (Potential) x500 
Paraboloidal primary mirrors to eliminate * Diameter of Primary Mirror 2500 








spherical aberration, producing sharp, . eee on oe ae peace 
in whi i . i (2. fou. ) 
contrasty images, which are full of detail. \ ke + 9x50 Findersce 
Se a eile aumemerannicnsee | J ¢£&S— Polorer-250Pns = 2 ae Sia et et oper 
| for Newtonian Reflectors | & = PRO) * 0.5mm Ultra-Thin Secondary Mirror Supporis 
: Ke ae F Py, = (eo 0 «£06 PRO Go-To Equatorial Mount with 2° Stainiess 
Optimised for Sky-Watcher fast-ratio f/4-f/5 Newtonian Reflectors/ Steel Tripod 
Dobsonians, with 2" focuser. Delivers stunning wide-field views | ae ey , + 42.900+ Object SynScan Computer Database 
with pinpoint stars to the edge of the field. Magnification remains | * 56% more Light- aes: is ac 
unaltered. Supplied complete with | Product code 
necessary adaptors for visual use. | / 1022 1/20654 






| For imaging use with a DSLR 
camera, a Suitable M48x0.75 
adaptor is required to match 
YOUr Calter. { Sky Watcher 
manufactured Canon. and Nikon 
M48x0.75 adaptors are available at 
£11.99 each Prod.Godes 20237 & 20236) ~ 


OTA only: SRP £449 
Prod.Gode 10227 
E06 PRO: SAP £1149 


] Prod.Code 70854 
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Our Products are Available from Dealers throughout the UK ov Please contact us, or Check our Website for your Nearest Stockist 
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COMPREHENSIVE COLOUR CATALOGUE with 
Full Details of our EXTENSIVE PRODUCT RANGE 


Order Your FREE Copy Today 





AOU MCUSACa mea Lays www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
gat execs www.barrandstroud.com and ‘Zenith’ Microscopes. 





